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Cross-cultural differences in performance on cognitive tasks consistently have been
found by many researchers. This has even been observed for simple taSks, which are char-
acterized by a small number of transformations from stimulus to response and simple stim-
ulus materials. Although various explanations have been proposed researchers do not agree
about the specific factors underlying these cross-cultural differences. Different method-
ological orientations have resulted in a stalemate in the discussion about the relationship
between culture and cognition. Another factor that complicates the discussion is the lack
of direct experimental evidence for the proposed interpretations. The aim of the present
study is to provide such evidence for one interpretation of cross-cultural differences in per-
formance. The investigation will focus on whether manipulation of stimulus-related factors
like experience or familiarity, that have previously been proposed as important in the inter-
pretation of cross-cultural differences, result in changes in (patterns of) cross-cultural dif-
ferences on reaction time (RT) tasks. To allow for a more detailed assessment of the influ-
ence of these factors event-related brain potentials (ERPs) that have been associated with
processes of stimulus selection will be recorded.
The background of this study is cross-cultural research on cognition, which will be
discussed in Chapter 2. Attention will be paid to methodological considerations of
cross-cultural research and to the concept of culture. Also, examples of cross-cultural
studies on cognition will be presented that are relevant for the present study.
In Chapter 3 the focus is mainly on ERPs. Although occasionally psychophysio-
logical indices have been used in cross-cultural research, ERPs have hardly been record-
ed  in this context. Therefore, one of the purposes of Chapter 3  is to illustrate how ERPs
can be a valuable tool for cross-cultural studies. After a more general introduction on
ERPs, attention will be paid to attempts to identify intelligence-related ERP indices,
because, historically, studies on cross-cultural differences in performance on cognitive
tasks have been closely related to research on individual differences in intelligence. In
addition, it will be discussed whether those cross-cultural studies that used psychoph-
syiological indices have revealed factors that should be taken into account when ERPs
are obtained in a cross-cultural context.
The Method section  in  Chapter 4 consists of a detailed description of participants,
stimulus materials and tasks etc. The hypotheses of the present study are formulated in
Chapter  5. The results are presented in Chapter 6, which is followed by a discussion of
the results in Chapter 7.




Cross-cultural research on cognition
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Introduction
This chapter deals with research on cognition in a cross-cultural context. First,
methodological considerations concerning cross-cultural research and the concept of
culture are discussed. Subsequently examples of cross-cultural studies on cognition are
presented. These examples have been selected because of their relevance for the present
study. More exhaustive overviews of the field of cross-cultural research on cognition can
be found in review chapters and books (e.g., Altarriba 1993; Berry, Irvine & Hunt,
1988; Irvine & Berry, 1988).
Methodological issues
Three general orientations have been distinguished in cross-cultural psychology:
absolutism, relativism and universalism (Berry, Poortinga, Segall & Dasen, 1992).
Adoption of one of these orientations, which will be further explained  in the next para-
graph, has various consequences. Methodologically this choice influences the hypothe-
ses and the design (i.e., aspects of measurement) ofa study, and the interpretation of the
results. At a theoretical level it is closely related to the, implicit or explicit, conception
of culture and its consequences for behaviour. Because of their significance these issues
will be discussed before the focus is shifted to empirical cross-cultural studies on cog-
nition.
Absolutism, relativism. and universalism. The position ofabsolutism assumes that the
psychological factors underlying behaviour are mainly biological (i.e., characteristic of
the human species) and that culture plays a limited role. A consequence of this view-
point is that observed differences in behaviour are sometimes even interpreted as evi-
dence for biological differences between racial groups. The underlying assumption is
that psychological functioning is essentially the same across cultures and that available
instruments can validly index differences in the level of the psychological construct
under study. Observed differences in performance on cognitive tests between cultural
groups are regarded as a direct reflection of differences in cognitive capacities. In fact,
in the absolutistic orientation the concept of culture is not relevant, because it has no
function as an explanatory concept. Researchers  in this tradition include Jensen (1985,
1998) and Eysenck (1982,1988).
A relativistic orientation, on the other hand, is characterized by an emphasis on
culture as context of behaviour. Variations in contexts are assumed to go together with
variations in psychological functioning. An extreme relativistic position regards any
comparison between cultures as irrelevant, because behaviour can only be explained and
understood in terms of culture-specific factors, that is, in its own cultural context.
Historically the roots of this orientation towards cognition are in cultural anthropolo-
gy and Russian psychology. Advocates of this position in cross-cultural research on cog-
nition include Vygotsky (1978), Luria (1976), Cole and Scribner (1974), Cole (1996)
and Greenfield (1997).
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In between the two extremes is a universalistic position which considers psycho-
logical trait:s and processes as basically invariant across cultures, but allows for differ-
ences in the frequency or intensity with which these waits and processes are demon-
strated in specific tasks or situations (Berry et al., 1992). Cross-cultural differences in
previous experiences are considered to be ancecedent to observed differences in behav-
iour. The assumption is that at a basic psychological level processes are identical, but
that cultural factors influence the manifestation of these processes and consequently
lead to differences in observed behaviour. It is this universalistic orientation that is
adopted in the present study. This orientation is reflected in the textbook of Berry et al.
(1992), and in the research of Biesheuvel (1 959/74),the cross-cultural Piagetian tradi-
tion (Dasen, 1977), and Irvine (1979) amongst others.
Tbe concept  of culture. A corollary of the rather opposing positions in cross-cultural
psychology is that there is no generally accepted definition of the concept of culture in
psychology (see Poortinga, 1992). Yet, the implicit or explicit ideas about the concept
of culture that are related to each of the methodological orientations shape research. If,
for example, "psychic unity of mankind" is assumed, similarities between behaviour in
different cultures are emphasized. When ihe uniqueness of cultures is presumed the
focus is more on differences between cultures.
In the present study an approach to culture is taken similar to that of Poortinga
and Van de Vijver (1987) (see also Berry et al., 1992) who regard the label culture as a
term that encompasses a broad variety of differences in behaviour between cultural
groups, but which in itself does not explain any of these differences. One of the aims of
cross-cultural research should be to find the specific antecedent variables that can
explain observed differences. If in the end all differences have been explained the label
"culture" has become obsolete, because it has been replaced by more specific factors.
Thus, in this study we are not interested in culture as generic label, but in culture-
dependent, specific factors in cognitive task performance.
Universals.  validity.  generalizability and  measurement scales.   Since in the present study
a universalistic orientation is taken another issue has to be addressed, namely the defi-
nition of universality. It should be noted that the universalistic orientation describes the
attitude of a researcher, whereas universality concerns a characteristic of the data.
Generally speaking definitions of universality can vary from loose tO tight. A loose def-
inition merely requires that the phenomenon for which universality is claimed should
be found at least occasionally in every cultural population that is investigated. The
statement that the production of art is universal, because expressions of it are found in
any culture, is an example of a loose definition. A tight definition requires that the phe-
nomenon of interest is found in any individual, independent of cultural membership.
With respect to the universality of art this would imply that every person displays artis-
tic qualities. Still, the intensity or extent of such qualities may vary across individuals
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and the distributions of scores (if the phenomenon is quantified) in representative sam-
ples need not be equal in all populations. In the present study the view is taken that
there is no correct or incorrect way of defining universality. The strictness of the defin-
ition should be dependent on the accuracy of measurement that is implied in a partic-
ular claim to universality, with the proviso that a presumably universal psychological
phenomenon can be traced in each (normal) individual, independent of cultural group.
This consideration forms the basis for the use of the same taSks cross-culturally in the
present study (see Method section; Chapter 4). Thus, it is assumed that the information
processing activities underlying cognitive task performance on the RT tasks as such are
essentially identical over cultures, irrespective of differences in, for example, the tim-
ing.
Psychological phenomena labelled as universals can be defined at different levels of
abstraction or strictness. Van de Vijver and Poortinga (1982) distinguished four levels
that are related to the characteristics of a common measurement scale in a cross-cultur-
al comparison. Crucial in this respect is the level of equivalence of data collected in dif-
ferent cultures with a particular instrument, because this determines the extent to
which conclusions are warranted about similarities between cultures and by implication
the level of abstraction of a universal.  From a universalistic viewpoint it is assumed  that
for any cross-cultural comparison at least some level of equivalence or universality can
be attained. Actually, this can be regarded as a prerequisite for a meaningful interpre-
tation of cross-cultural differences. In addition, the level of universality determines to
what extent (conceptual, functional, metric, or full score) cross-cultural null effects are
to be expected. First, conceptual universals are characterized by a high level of abstrac-
tion. "Adaptability" or "emotion" are constructs that can be classified under this cate-
gory. A direct, empirical, cross-cultural comparison of constructs at this level is not pos-
sible because there are no straightforward operationalizations. For the second category,
functionally equivalent or weak universals, measurement procedures have been speci-
fied. To obtain the status of weak universal, the validity of the construct should be
demonstrated in different cultural samples, for example through similarities in correla-
tions or factor structures. In this way attempts have been made to show the universali-
ty of psychometric intelligence or IQ. Van de Vijver and Leung (1997) refer to this sim-
ilarity of psychometric properties as structural equivalence. The third level of univer-
sality concerns the so called metrically equivalent or strong universals. This class of uni-
versals presumes a scale that has the same metric across cultures, but may have a dif-
ferent origin. With this type of equivalence, also called measurement unit equivalence
(Van de Vijver & Leung, 1997), it is possible to compare patterns of score differences
within and across cultures, although absolute score levels cannot be compared. A non-
psychological but clear example of measurement unit equivalence are the Kelvin and
Celsius scales to measure temperature. Finally, scale-equivalent or strict universals have
an identical origin as well as an identical metric in each culture. These characteristics
meet the demands of full score comparability according to Van de Vijver and Leung.
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They allow for a direct comparison of data within and across cultures, even on a single
variable. The non-psychological variables weight and height, for example, have these
scale-equivalent properties.
The level of universality that can be attained for a specific psychological variable
or process is dependent on the relative influence of cultural factors. Poortinga, Kop, and
Van de Vijver (1988) made a distinction between different domains of psychological
processes and related these to the relative influence of cultural and  biological factors.  In
the perceptual domain, for example, the influence of biological factors is supposed to be
relatively large as compared to the influence of cultural factors, whereas in the social
domain the influence of these cultural factors is assumed to be relatively high. Conse-
quently, it is more likely that a common measurement scale, that is, a scale meeting the
requirements of metric or score equivalence, can be found in the perceptual domain
than in the social domain. Following this line of reasoning it also should be easier to
assess the influence of cultural factors on perceptual processes than on social processes.
Altogether these arguments make clear that  for the design of a cross-cultural study
and interpretation of the results it is important to be explicit about the measurement
level, about the characteristics of the scale that has been applied, and consequently
about the inferences that are permitted on basis of the data.
Bias. A prerequisite for equivalence, and thus for cross-cultural comparison, is the
absence of bias. Therefore equivalence and bias are closely related concepts. The sug-
gestion of Van de Vijver and Tanzer (1997) that equivalence could be defined "the
opposite of bias" illustrates this close relationship. As these authors note the concepts
have to do with the characteristics of an instrument in a (specific) cross-cultural com-
parison rather than with its intrinsic properties. It is possible that an instrument ful-
fills all psychometric criteria for valid and reliable measurement in different societies,
but that a cross-cultural comparison of scores is confounded by bias and consequently
can lead to an invalid interpretation.
Three (general) typeS of bias have been distinguished: construct, method and item
bias (Van de Vijver & Leung, 1997, Van de Vilver & Poorcinga, 1997, Van de Vijver &
Tanzer, 1997). First, construct bias refers to the non-equivalence, or the non-identity,
of the construct being measured in a cross-cultural comparison. It is related to the issue
of functional or structural equivalence described above. This type of bias can stem from
several sources, for example because the definitions of the construct overlap only par-
tially across cultures. In the case of intelligence it has been demonstrated that in non-
western cultural groups social aspects of intelligence are regarded as relatively impor-
cant whereas in a western context the more scholastic aspects are emphasized (e.g.,
Segall, Dasen, Berry & Poortinga, 1999, Super, 1983).
Second, method bias refers to problems caused by the manner in which a study is
conducted. This form of bias can be due to a range of factors, including cross-cultural
differences in test-taking attitudes, speed-accuracy trade-off, stimulus or response
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familiarity and comprehension of the instruction. Method bias can be further subdivid-
ed in sample bias, instrument bias and administration bias. Sample bias refers to the
problems that may arise if cultural groups differ on characteristics that affect perfor-
mance, other than the variable of interest. A well-known example is the differences in
educational background that can confound differences in scores on intelligence tests. In-
strument bias  is a form of method bias that  has to do with characteristics of the instru-
ment. Examples include differential stimulus familiarity and differential familiarity with
(or preference for) response procedures. A study of Serpell (1979) clearly illustrates the
influence of familiarity with response procedures. He gave paper and pencil, as well as
steel wire, to children as materials for reproducing geometric forms. English school chil-
dren performed better with paper and pencil, while Zambian boys were superior in the
reproduction task with wire. The third subtype of method bias labelled administration
bias, refers to problems that are caused by aspects of the administration procedure, for
example problems with communication that affect instruction of the tasks.
The third type of bias is called item bias or differential item functioning and refers
tO the situation where the (psychological) meaning of one or more items is not identi-
cal across cultures, for example because a question has a specific connotation in some
cultures. A question about eating pork, for example, may have a different association in
Muslim groups.  Item  bias is commonly detected by means of statistical techniques.  In
general, the analysis of bias often remains limited to item bias. Yet, the impact (and
thus the importance of paying attention to) construct and method bias should not be
underestimated (Van de Vijver & Poortinga, 1997).
Sources of bias are commonly regarded as nuisance factors that ideally should be
eliminated. Van de Vijver and Tanzer (1997) mention another approach, namely to con-
sider bias as an indication of a source of systematic cross-cultural differences that needs
to be studied. Bias can offer important clues about the causes of cross-cultural differ-
ences and thus be regarded as a phenomenon that requires further explanation (cf. also
Poortinga & Van der Flier, 1988; Poortinga & Van de Viiver, 1987; Van de Vijver &
Poortinga, 1991).
Because its focus on RT-tasks with homogeneous stimulus sets of low complexity
(cf. Method section, Chapter 4) only method bias is directly relevant for the present
study. In the choice and design of the tasks and response procedure the pitfalls of
method bias have been carefully considered. To obtain a maximum of compatibility
between stimuli and responses, for example, the spatial configuration of the response
buttons was identical to that of the stimulus material. In the design of the study the
requirement ofabsolute score equivalence is avoided by focussing on patterns of RTs instead ofcom-
paring absolute scores (for more details see the Method section; Chapter 4).
Empirical cross-cultural studies
According tO the definition of Atkinson, Atkinson, Smith and Hilgard (1987) cog-
nitive processes encompass the mental processes of perception, memory, and informa-
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tion processing by which the individual acquires information, makes plans, and solves
problems. In a cross-cultural context these processes are studied to specify the condi-
tions under which cultural variations arise (Segall et al., 1999). A distinction can be
made between research on perception and on other forms of cognitive processes. At the
level of information processing activities, perception is a prerequisite for cognition.
Therefore studies on perception are discussed separately from and prior to studies on
cognitive processes.
Perception.  The first step in information processing is perception, that is, the trans-
lation of sensory information into input for cognitive processes. Cultural factors may
influence the translation process and consequently the input for the cognitive processes.
Within the domain of cross-cultural research  in  perception the emphasis has been on  the
visual modality, with the perception of colour and pictorial materials as major themes
(e.g., Berry et al., 1992; Derfgowski, 1980a, 198Ob; Russell, Derfgowski & Kinnear,
1997; Segall et al.,  1999 for reviews). Investigations of pictorial perception encompass
studies of optical illusions and studies of the perception of geometrical patterns, with
the visual illusions studied most extensively.
The findings on the perception of pictorial materials are of interest because the
stimulus material of the present study consists of geometrical figures (see the Method
section in Chapter 4 for details). Specifically, the issue is whether cross-cultural differ-
ences in perceptual effects have been established that have to be taken into account.
Hence only studies will be discussed that are of relevance in the context of the present
investigation.
Probably the first important cross-cultural study on optical illusions was conduct-
ed by Rivers (1901, 1905; cf. Berry et al. 1992) as part of the famous Cambridge
ant:hropological expedition to [he Torres Strait:s. Besides other findings he reported dif-
ferences between different cultural groups in response to visual illusions. More than half
a century later Segall, Campbell and Herskovits (1966) renewed the interest in the
cross-cultural investigation of optical illusions. In an elaborate study they presented six
illusions to western and non-western participants. Their results provided support for
the concept of ecological cue validity, that is, stimulus characteristics evoke an  illusion
because interpretations of cues are applied in an inappropriate context. For example, we
tend to interpret two dimensionally presented lines in a picture as if they were cues
referring to three dimensional space, and this inappropriate use can lead to an illusion
effect. Thus, a pair of two-dimensionally presented. converging lines evoke an illusion
of depth (a road) because they are interpreted three-dimensionally. The way cues are
interpreted is assumed to be influenced by previous experiences. Because people live in
different ecological settings (e.g., open vistas versus densely built:-up towns) differences
occur in the interpretation of cues they have learned to make. The pattern of cross-cul-
tural differences in the susceptibility of the different illusions found by Segall et al. was
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generally in accordance with this explanation. Overall, the systematic investigation of
visual illusions has led to two important findings. First, for the six illusions studied
illusory effects were found in all cultural groups, that is qualitatively, support was
found for the universality of illusory effects. Secondly, quantitative differences in sus-
ceptibility between cultural groups have been found to vary as a functiOn of contextu-
al factors and/or experiences.'  In the context  of the present study  it is  important to note
that these cross-cultural investigations of optical illusions have illustrated that even
simple figures (such as the horizontal-vertical illusion) apparently are not "culture-free"
This implies the need for careful consideration of the meaning of cross-cultural differ-
ences in performance on any task, including perceptually and cognitively simple ones.
Directly relevant to the present study is research on the perception of geometrical
patterns. As described by Derqgowski (1989) some cases have been reported in which
non-western participants, living under stone-age conditions, failed to perceive anything
at all because they did not recognize a picture as being a representation or a depiction
of some obiect. However, such observations are rare and may have been due to forms of
method bias caused by the type of material on which the pictures were presented or
characteristics of the administration procedure. Important with respect to the percep-
tion of geometrical patterns is the more systematic observation that non-western par-
ticipants tend to make orientation errors in reproduction tasks, for example Kohs type
figures (Derfgowski, 1972, 198Ob; Jahoda, 1978; Serpell, 197la, 197lb). In these
studies Kohs block patterns were generally reproduced correctly, but often the orienta-
tion of the reproductions was rotated. The participants in these studies that were car-
ried out in Africa were systematically inclined to reproduce figures that fulfilled the cri-
teria of symmetry and perceptual stability, irrespective of the orientation of the stimu-
lus figures. On the basis of the available evidence it cannot be concluded whether these
orientation errors were a genuine perceptual phenomenon or whether they were mere-
ly related to characteristics of the response procedures (DerQgowski, 198Ob;  1989). As
a consequence it is not possible to predict what (type of) stimuli may elicit deviant
responses in specific groups of participants (Segall et al.  1999).
Though no reproduction tasks are administered in the present study the findings
on the orientation errors have been taken into account in the construction of the
response procedure. Specifically any ambiguity about responses caused by orientation
has been avoided (see the Method section in Chapter 4 for details).
An alternative explanation thar has been proposed is the retinal pigmentation hypothesis (cf. Segall et al.
1999. Pollack  1963; Silvar & Pc,Ilack  1967). This hypothesis was based on a correlation between the abil-
ir>· co detect con[ours and the suscepribilit>· to the Muller-Lyer illusion. In addition a relationship was
t-ound between contour-detection threshold and retinal pigmen[ation, a variable on which the samples of
Segall et al. (1966) differed. Studies res[ing this hypothesis gave conflicting results. In addition, the mech-
anism through which retinal pigmentation influences [he susceptibility for optical illusions has not been
made clear (e.g., Deregowski. 198()b for a critical discussion of [his hypothesis).
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Overall, perceptual phenomena show large similarities in different cultural groups.
Observed cross-cultural differences in perception appear to be related to specific factors
such as particular (classes of) stimuli, stimulus materials and response mode. The most
widely accepted explanation  is  that  ecological influences shape perception   (i.e.,   che
inferences char are drawn from perceptual cues by observers), which may become appar-
ent in specific tasks such as optical illusions. The precise mechanisms responsible for
the observations reported so far remain unclear, but there is not much evidence to antic-
ipate cross-cultural differences in the perception of the type of stimuli to be used in the
present study. As mentioned, possible confounding effects of orientation have been
taken into account.
Cognition. Even on simple cognitive tasks, like choice reaction time tasks, cross-
cultural differences  have been reported (Poorringa,   1971;  Van de Langenberg,   1989,
Verster, 1983). These tasks are characterized by a small number of transformations from
stimulus to response and simple stimulus materials. Generally, cross-cultural differ-
ences in performance increase as the tasks become more complex. Similar findings have
been reported across  a wide variety  of intelligence  tests  (Jensen,  1985;  Verster,  1991)
As discussed earlier, the theoretical orientation of a researcher has consequences at sev-
eral levels of an empirical study. In the context of cross-cultural research on cognition
these consequences are most obvious at three levels. First, there is the choice of tasks
and stimulus mattrials. Absolutistic researchers generally are interested in overall test
scores like intelligence tests, which are a composition of performances on separate tasks.
In the universalistic tradition some researchers focus on intelligence tests and their
composite scores, but cognitive tasks (not necessarily those comprising common intel-
ligence test batteries) are also studied in isolation. Finally, relativistic researchers con-
centrate on performance in every day cognition, for example reasoning, emphasizing the
ecological validity of tasks. Secondly, different types of samples are chosen in the dif-
ferent theoretical orientations. From a relativistic viewpoint comparison over cultures
is not valid, so performance is studied in only one (generally non-western) sample. In
absolutistic and universalistic oriented studies generally samples from different cultur-
al backgrounds are compared. Thirdly, and most important, the theoretical orientation
has consequences for the interpretation of the findings. This concerns both the expla-
nation and generalisation of observed results. If an absolutistic viewpoint is taken
observed differences tend to be generalised to fundamental (even genetic and biologi-
cal) differences between cultural groups. Findings in relativistic oriented Studies are
interpreted within the specific cultural context and no generalisation is made beyond
this. In a universalistic orientation the interpretation of observed differences requires an
explanation of what (culture-specific) factors may be responsible for the findings.
Generalisations are made cautiously, taking both presumed universal psychological
processes and cultural specificity into account. Also, the possibility that differences are
due to inequivalence or bias is kept prominently in mind.
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Because of the implications of the theoretical orientations findings will be dis-
cussed within their own theoretical context. For each tradition typical examples will be
mentioned and the contemporary state of the art will be summarized.
Absolutistic orientation. Early this century Porteus (1937) attempted to categorize
societies according to their mental capacity as measured with a maze test. For this pur-
pose he administered the test which was assumed to measure intelligence, specifically
the capacity for planning and foresight in countries all over the world. Characteristic
for this study in particular and the absolutistic orientation in general is that test scores
are interpreted at face value and that observed differences are regarded as an indication
of cross-cultural differences in cognitive capacity. This is a consequence of the implicit
assumption thar tests assess the underlying cognitive capacity on a scale that meets the
high demands of equivalence. z
More recent examples of an absolutistic orientation can be found in cross-cultural
research on intelligence (e.g; Eysenck, 1982, 1988; Herrnstein & Murray, 1994;
Jensen, 1985,1998). Fundamental to all these studies is a statistically defined concept
of intelligence, that is, Spearman's g. This label of general intelligence has been given
to a factor on which the tasks comprising intelligence test batteries have been shown to
load in factor analyses. An important assumption is that the observed performance is a
valid indication of the underlying intellectual capacity (defined as g). The g-factor also
has been related to reaction times and several physical characteristics (e.g., event-relat-
ed potentials or nerve conduction velocity; see Chapter 4), because it is presumed that
the efficiency (speed) of the nervous system is the psychophysiological concomitant of
intellectual performance. Implicitly it is assumed that assessment of these psychophys-
iological variables is on a scale meeting the requirements of full comparability.
Eysenck (1982) regards speed of cognitive processing, indexed by RTs or evoked
potentials (EPs; see Chapter 3 for a discussion of the latter), as the essential variable
underlying differences in general intelligence. RTs and EPs are two examples of mea-
sures of the concept of biological intelligence, which he considers as the most impor-
tant determinant of psychometric intelligence or IQ (i.e the index score of the perfor-
mance on an intelligence test battery). This is based on correlations found between
latencies of EPs and IQ, and between RT and IQ. Social aspects of intelligence are also
recognized by Eysenck. Although he acknowledges that cultural factors may influence
psychometric intelligence, he argues that, because of the above mentioned correlations,
these factors cannot account for observed differences in cognitive functioning.
According to Jensen (1998) systematic correlations that have been found between
a range of physical variables, like body size or electrochemical activity of the brain, and
scores on IQ or other g-loaded tests prove that g is a well established biological phe-
2 This notion also has been described as [he assumption thai rests are culture-free. Later [his was replaced
by the notion of culture-fairness.
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nomenon, but others (cf. Jensen, 1985; Helms-Lorenz, Van de Vijver, & Poortinga,
2000; Verleger, 1999) doubt this opinion. With respect to generalizability Jensen pre-
sumes that the relation between g and observed performance is invariant across cultur-
al populations, which implies that differences in performance can be interpreted at face
value. Accordingly, any explanation referring to the possibility of some form of bias has
been refuted, particularly with respect to elementary cognitive tasks (ECTs) and prac-
tice effects (Jensen, 1985,1998). It is assumed that ECTs are so simple that anyone can
do them without any problem and that, if any, the information content of ECTs is
equally familiar and/or over-learned to anyone who will perform such tasks. As a corol-
lary it is implicitly presumed, as with the psychophysiological variables described above,
that ECTs are free of any influence of culrural variables. Helms-Lorenz et al. challenge
the idea that g is the only factor underlying observed performance. In addition they dis-
tinguished a r-factor which reflects the cultural loading of a test. For the explanation of
observed differences in performance between children from different cultural groups the
c-factor appeared to be at least equally important as the cognitive complexity (i.e., the
g-loading) of various tests.
Herrnstein and Murray (1994) received wide attention in both scientific and pop-
ular media with their book the "The Bell Curve" which forms an example of the con-
sequences of an absolutistic interpretation. In their book a variety of phenomena in
American society is discussed, like poverty, (un)employment, welfare dependency, par-
enting and crime, that all appear to have a relationship with IQ. Essentially, IQ is seen
as the crucial variable for the structure of American society and inequalities are regard-
ed by Herrnstein and Murray as a natural consequence of differences in cognitive abil-
ities across (cultural) groups and individuals. According to these authors this situation
cannot easily be changed with compensatory or other training programs.
Relativistic orientation. In contrast with the absolutistic orientation with its focus
on individual capacities, stands the relativistic orientation which emphasizes the con-
textual embeddedness of cognition and considers cognitive processes as culturally medi-
ated. Much of this context-oriented analysis of cognitive processes started with the
Soviet tradition of the sociohistorical school represented by Vygotsky (1978) and Luria
(1976), and was taken up by Cole and his Laboratory ofComparative Human Cognition
(1983) as well as researchers of everyday cognition (Schlieman, Carraher & Ceci,  1997).
The observation that traditional, illiterate farmers in Central Asia responded
markedly different to simple logical reasoning tasks than neighbouring, collectivized
and/or school attending farmers led Luria (1976) tO the opinion that the structure and
function of cognitive processes changed with the political-economic transition from
preliterate agricultural to literate, industrial societies. He concluded that this sociohis-
torical change resulted in a new manner of thinking. Abstract thinking, for example,
was seen as a higher mental faculty that would develop only in some cultural contexts.
Analogously (cognitive) development of the individual during childhood is regarded as
24 Cross-cultural differences
reflecting socio-cultural (and thus historical) conditions (Luria & Vygotsky, 1992).
Attainment of specific skills ("tools"), in the cultural phase of development, is thought
to change the structure of cognitive processes. For example, with the mastery of speech
the structure of other cognitive processes such as memory is also considered to change.
In the Soviet tradition of the sociohistorical school culture is regarded as the
unique medium through which human beings interact with the, historically trans-
formed, (physical) environment and with each other. This mechanism of cultural medi-
ation differentiates the structure of human mental processes from that of animals. From
this viewpoint a consequence of the continuous historical development is that human
psychological functions are regarded as historical phenomena. Because of its funda-
mental influence on the structure of mental processes practical activity is regarded as
the basic unit for studying cognitive processes. In combination with the  idea of cultur-
al mediation this leads to an emphasis on the context specificity of mental processes
(Cole, 1992).
Though the idea of culture with its crucial, mediating role in the process of human
cognition and development is still fundamental in Cole's Laboratory of Comparative
Human Cognition, there has been a shift from an emphasis on general socio-cultural
conditions (such as literacy) to more situation-specific factors (see Cole, 1988,1996)
Scribner and Cole (1981) for example, found that Vai (who are living in Liberia)
with experience in a local form of literacy acquired outside a school setting, obtained
higher scores on tests designed to match these experiences than illiterate Vai. However,
on cognitive tasks that are part of western intelligence test batteries, hardly any effects
due to the acquisition of the local script were found. For such effects western style
schooling was an important prerequisite. At the same time, the influence of schooling
on performance was apparent, and different from literacy effects, but in a non-system-
atic fashion. It appeared [hat the consequences of literacy (Vai script, Koran, Arabic,
school English) were related to characteristics of the language or script and as a result
gave different effects on some of the cognitive skills that were tested. Scribner and Cole
interpreted these results as evidence that the cognitive skills they observed in the Vai
had been shaped by the context, that is, the literacy practices in Vai society.
Researchers on everyday cognition (Schliemann et al., 1997) also emphasize the
interrelationship of Context and cognition. They contend that cognition cannot be fully
understood without taking the context, that is, the interaction between individuals and
situations, into account. Note, that context is seen as intimately related to psychologi-
cal processes brought about by complex relationships between characteristics of the
individual on the one hand, and the environment on the other, instead of being a stat-
ic situation or variable. An implication of this viewpoint is that context cannot be
reduced to separate variables related to either the person Or the situation. Therefore,
context cannot be used as an explanation of observed cognitive behaviour. Basically, the
major topic in studies on everyday cognition is the relationship between practical,
everyday activities and cognitive skills and/or development.
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A powerful example forms the study of Ceci and Liker (1986) on the cognitive abil-
ities of experienced racetrack handicappers. These authors focussed on the complexity of
the cognitive processes involved in handicapping and tested whether there was a rela-
tionship with IQ, as assessed with a standard test:. Although no correlation was found
between IQ and measures of handicapping skills, the reasoning process was found to be
fairly complicated. Many variables were involved that were weighted and considered in
combination, resulting in cognitively sophisticated algorithms. The reasoning process of
experts could be characterized as more complex compared to non-experts, but no differ-
ences in IQ were found between these two groups. Ceci and Liker concluded that an IQ-
test does not capture the ability exhibited by ihe racetrack handicappers. The complex
and interactive thought process on combinations of data can only be displayed and rec-
ognized in (combination with) the appropriate context, that is, horse races.
Unit,ersalistic orientation. As described above it is characteristic for a universalistic
orientation that both similarities and differences in behaviour across cultural groups are
studied. In the domain of cognition Biesheuvel (1943, 1959/1974; cf. Segall et al.,
1999) can be regarded as an early universalist because of the distinction he made
between mental competence (internal, not directly visible or accessible) and (observed)
test performance. Biesheuvel argued that differences in intellectual stimulation of the
environment are responsible for cross-cultural differences in test performance. Examples
of these environmental circumstances are socio-economic conditions, practices in child
rearing, nutritional conditions and education.
A universalistic orientation also can be found in cross-cultural Piagetian research.
In this tradition the implicit assumptions about universality of the qualitative and
structural aspects of the developmental theory of Piaget are studied. The basic cogni-
tive processes, the hierarchical succession and structures of the stages are regarded as
universal, while cross-cultural differences may occur in the timing of the developmen-
tal progression through the stages (Segall et. al, 1999; Dasen, 1977). These ideas about
universality have been supported by (quasi-)experimental data. Concrete operational
thinking, for example, has been found to be displayed in any cultural group, though
sometimes a brief training period was required to allow the competence of testees
become manifest. The demonstration of this competence, that is, whether and how it
will be displayed, appeared to be influenced by cultural factors.
In the domain of (cross-cultural assessment of) intelligence studies with a univer-
salistic orientation can also be found. Irvine and Berry (1988) take Ferguson's (1936)
law of cultural differentiation as a starting point for the discussion of (cross-cultural)
studies on intelligence. It is assumed by Ferguson that cultural factors determine what
one learns at a particular age. As a consequence differences in cultural settings affect the
patterns of abilities that will be developed. The authors emphasize similarities in pat-
terns of abilities across studies, but at the same time stress that observed differences
should be explained.
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In a meta-analysis of cross-cultural factor analytic studies, mainly conducted in the
1960sand 197Os, Irvine (1979) already emphasized that remarkable similarities in fac-
tor structures are found, despite differences between cultures. He regards these similar-
ities as an indication of universal aspects of cognition, but stresses  that  these factors are
meaningless without a theory. The similarities in factor structures may help to deter-
mine the characteristics and the limitations of universals in cognition. He demonstrates
how information from factor analyses can be used by testing empirically the role in
information processing of two frequently reported factors, that is, perceptual speed and
spatial orientation.
Van de Vijver (1991) studied inductive thinking from a universalistic viewpoint.
The finding thar scores far exceeded chance level in groups of schoolchildren from dif-
ferent cultural backgrounds provided support for the hypothesized universality of
inductive reasoning. The differences between cultural groups in mean scores were stud-
ied  in more detail by assessing the (differential) influence of a range of context variables
on inductive thinking. Of these variables schooling appeared to be the most important
factor for the explanation of differences in inductive thinking between groups.
Similarly Verster, (1983,1991) found largely similar patterns of factor structures
of RT related taSks in different cultural groups in South Africa, which he interpreted as
an indication of the universality of different stages in cognitive processing.
Overviews of the literature on cross-cultural studies of cognition in textbooks
(Segall et al., 1999; Berry et al. 1992) also reflect support for a universalistic viewpoint,
that is, similarities in cognitive processes across cultures are acknowledged and expla-
nations of differences are sought  in  contextual factors.
Convergence  of findings. Direct comparison of findings of studies conducted in the
different methodological orientations is complicated because adoption of a viewpoint
influences research paradigms at several levels. This becomes particularly apparent in
the explanation of cross-cultural differences. From a universalistic viewpoint explana-
tions in the absolutistic and in the relativistic tradition can be criticized for their spec-
ulative character. Often they are post hoc and introduce higher order concepts like
"capacity", "higher mental functions-, and "cultural mediation" that can be made plau-
sible by compatible evidence, but never have been (and hardly allow to be) tested in any
strict sense. As a consequence, findings and explanations from studies in the different
traditions cannot easily be integrated. Nevertheless, attempts have been made to ac-
complish such an integration. Meta-analysis, for example, is a procedure that may offer
a framework in which an integration of findings is possible (e.g., Irvine  1979, Van de
Vijver, 1997).
Van de Vilver (1997) conducted a meta-analysis in which he compared five
explanatory models of cross-cultural differences in cognitive test performance. Each of
the models can be related to either the absolutistic, relativistic or universalistic orien-
tation discussed earlier. A hypothesis was formulated for each of the models that was
I
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tested  on the aggregated  data of cross-cultural  studies  (from  1973  to  1994; only 25%
of the studies fulfilled the criteria for inclusion) using cognitive instruments. Analysis
of the aggregated database confirmed the hypotheses derived from the models related
to a universalistic orientation. Support for the models reflecting the other orientations
was weaker and/or more complicated.
Another alternative to Cut through the incomparability of the explanations is to
focus on rhe processes underlying cognitive performance. This approach has been put
forward by universalistically oriented researchers like for example Kendall, Verster &
Von Mollendorf (1988), Van de Vi iver, Daal & Van Zonneveld (1986), and Verster
(1988). In the present study such an approach is followed. A possible explanation of
observed cross-cultural differences in performance on simple cognitive RT-tasks iS teSt-
ed while cognitive (sub)processes are being studied. This reflects a tenet of a universal-
istic orientation that the complex notion of culture should be separated into constituent
observable and testable variables. This approach that takes observed differences as start-
ing point also has been mentioned in the discussion on bias. The advantage is that at a
rather detailed level both similarities and differences in cognitive processes can be
investigated and that the post hoc character of explanations is avoided. In the follow-
ing sections the information processing approach, specifically in cross-cultural studies,
will be discussed.
Cognitive processes from an information processing viewpoint
In mainstream cognitive psychology the general aim is to develop theories, based
on experimental evidence, that describe the organisation and functioning of mental
processes (Atkinson et al., 1987). To this end models are formulated that describe the
processes underlying human behaviour. Fundamental questions in this respect are how
knowledge ("information") is represented internally, how it is processed and how it is
used (Van Leyden Sr, 1984). The term information processing originates from a com-
puter analogy that is commonly used in this context. In this analogy humans are com-
pared to computers and thus regarded as information processing systems.
Based on results from experiments and anatomical information, different kinds of
models have been proposed to describe the architecture of cognitive functions, for
example memory, and the mental processes that underlie behaviour; how the storage
and retrieval of information is organised. Some models encompass a serial succession of
stages and a stepwise stream of information (e.g., Sanders, 1980; Sternberg, 1969b)
whereas others are characterized by a parallel structure and a continuous flow of infor-
mation (e.g., Eriksen & Schultz, 1979; McClelland, 1979; for discussions of the differ-
ent orientations cf. Miller, 1988; Sanders, 1993). Irrespective of their differences all
models describe the (information) processes between the input (i.e., presentation  of a
stimulus) and output: (i.e., a response). As such, a general distinction can be made be-
tween more input- or stimulus-related processes and more output- or response-related
processes. For the purpose of the present study it is not necessary to elaborate further
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on a specific model; the distinction between stimulus related processes and response
related processes is sufficient.
What the above mentioned models have in common is that their validity can be
tested by focussing on the timing of various cognitive processes. This tradition, labelled
by  Posner (1978) as mental chronometry, stems from Donders notion of additive factorS
(cf. Sternberg, 1969a). He conceptualized that with an increase in complexity of men-
tal processes, more factors, that is, more cognitive processes or stages, are implied so
that more time is required to perform the task. Later, this teChnique has been extend-
ed to investigate what particular processing stage was influenced by specific variables,
for example aging or drugs. To identify which cognitive processes are sensitive to spe-
cific factors at least two levels of tasks, of which only one involves the hypothesized sen-
sit:ive cognitive process, are administered in at least two conditions. One condition
including the factor under study and one condition without this factor, which serves as
control.  Characteristic for the tasks is that they are often of low complexity, that is, they
require only a small number of transformations from Stimulus to response, and use sim-
ple stimulus materials. For example, aging is hypothesized to influence perceptual pro-
cessing. This can be tested by administering a simple tapping task (in which no per-
ceptual processing is required) and a simple discrimination task (which involves per-
ceptual processing) a group of young and a group of old participants. If perceptual pro-
cessing is unaffected by age the effects merely will be additive, that is, the increase in
RT with task complexity will be parallel in both groups even ihough an absolute dif-
ference in RTs between groups may exist. However, if perceptual processing is affected
by age the increase in RT with task complexity will be larger for the elderly partici-
pants (See for example Smulders, 1993 for such an approach to ageing effects).It can be
hypothesized thar if aging is replaced by culture this approach can be used to identify
and specify which elementary cognitive processes are susceptible to cultural factors.
Inforntation processing approach in cross-mltural research. The work of Verster (1983,
1988, 1991) forms an illustration of a (universalistic) information processing approach
in cross-cultural research. He distinguished different hierarchical stages (levels) of infor-
mation processing activities that underlie cognitive performance. Factor analyses con-
firmed thar the model was a valid description of the data. The assumption of univer-
sality of these basic processes was supported by consistency in factor structures over dif-
ferent cultural groups (Verster, 1983,1991). An increase in the mean response time as
a function of increasing task complexity was another consistent finding in each group.
The cross-cultural differences in RT that were found were relatively larger on the sim-
ple tests of sensory encoding and smaller on the more complex conceptual tests. For the
latter the accuracy scores showed the largest cross-cultural effectS. According to Verster
this finding supports the notion that the level of accuracy is more appropriate to explain
differences in performance on more difficult tasks. Overall. the results were interpreted
as an indication of the cross-cultural identity of psychological constructs at the level of
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structural mechanisms. Note, that Verster investigated the structure of information
processing activities by means of factor analysis. This differs from the mental chronom-
et:ry approach which focusses on the timing of various processes.
Absolutists (see Jensen, 1998) have studied the components that comprise cogni-
tive processing by means of the elementary cognitive tasks (ECTs) mentioned earlier.
The dependent variable of the ECTs is the reaction time. The rationale for studying
information processing is to learn more about the biological substrate of individual dif-
ferences in mental ability. According to Jensen the information processes that underlie
performance on IQ-tests are too complex to be Studied by means of deconstruction of
information processing components.
In general, for reaction time (RT) tasks with a single stimulus, average response
times are approximately equal in samples from widely different cultural populations
(Jensen, 1982,1985; Poortinga, 1971), thus supporting the assumption of invariance
across populations at an elementary level of information processing. On slightly more
complex choice reaction time tasks (CRTs) that require only a small number of trans-
formations from stimulus to response, cross-cultural differences have been reported
(,Jensen, 1982, 1985; Poortinga, 1971, Sonke, Poortinga & de Kuijer, 1999; Van de
Langenberg, 1989; Verster, 1991). Despite observed differences in absolute score levels,
it should be noted that patterns of CRTs are very much the same cross-culturally. For
example, an increase in the number of stimuli leads to longer RTs as predicted by Hick's
law (1952), and training on the task to shorter RTs (Poortinga, 1971; Van de
Langenberg, 1989). This makes it implausible to argue that different cognitive process-
es are involved in CRT taSks cross-culturally. Therefore, it appears that the observed
cross-cultural differences have to be explained in a way that leaves the cross-cultural
invariance of cognitive processing unchallenged.
Tbe locus of cross-cultural differences on RT-tasks. One factor that can be used to ex-
plain cross-cultural differences on any cognitive task is prior exposure and experience
(Poortinga, 1985; Posner, 1978; Van de Vijver & Tanzer, 1997). This entails familiari-
ty with the stimulus materials, the content of the task and the response procedures. In
a quasi-experimental study, Derfgowski  and  Serpell  (1971)  illustrated  the  differential
influence of stimulus materials on performance in a sorting task. Zambian and Scottish
schoolchildren had to sort models, coloured photographs, or black and white pho-
tographs of cars and animals. In the sorting of the models no differences were found
between the groups, but the Zambian schoolchildren had more difficulty performing
the task with both kinds of pictures. Deregowski and Serpell concluded that even
though the photographs depicted the models the two kinds of stimuli could not be
regarded as just as equivalent for the Zambian group.
Support for the influence of stimulus and task specific factors on CRT is provided
by (intracultural) research on stimulus-response compatibility (Fitts & Posner, 1967;
Kornblum, Hasbroucq & Osman, 1990; Alluisi & Warm, 1990). In CRT tasks a set of
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stimuli, called an -alphabet," has to be matched to an alphabet of responses. The ease
with which an association is established between the tWO alphabets is dependent on spe-
cific characteristics of the stimulus and response configurations. For example, a task is
more compatible when in a row of stimulus lights each light is coupled with a response
button directly underneath, than when the arrangement: of the response buttons is
reversed. When there is no natural connection between stimuli and responses (i.e., when
stimulus-response compatibility is low), experience and familiarity with the stimuli are
the most important determinants of associations. The extent of time over which expe-
rience or practice can have an effect is easily underestimated. For example, in an exper-
imental setting Shiffrin and Schneider (1977) showed that for a memory-search CRT
task it takes thousands of trials to reach a level at which performance no longer
improves.
A concept that captures the relevance of the research on stimulus-response com-
patibility for cross-cultural comparison is "population stereotypes" (Fitts & Posner,
1967; Alluisi & Warm, 1990), that is, the preferred assignment of response symbols to
stimulus symbols shared by a particular group or cultural population. Frequency of
exposure is an important determinant of such stereotypes and, as shown by the above
mentioned research of Shiffrin and Schneider (1977), the effects of practice can contin-
ue for a long time, even under conditions of (controlled) frequent exposure'.
The influence of stimulus familiarity on RT-tasks was tested explicitly in an exper-
iment by Sonke et al. (1999). A series of visual CRT taSks, consisting of similar geo-
metric figures as used in the present study, and of varying cognitive complexity was
administered to two samples with different cultural backgrounds, in this case, Iranian
and Dutch, on three subsequent days. The influence of experience was investigated in
two ways, by training the participants on one of the tasks and by administration of an
isomorphic task with Arabic letters as stimuli, which were more familiar for the Iranian
group. Although the Dutch participants consistently responded somewhat faster on the
tasks with the geometric figures, the patterns of results were very similar in both
groups. With the Arabic letters a similar but reversed pattern was found, that is, in this
case the Iranian participants responded faster. The observation that manipulation of the
familiarity of the stimulus material led to a reversal of cross-cultural differences strong-
ly illustrates the importance of this factor, even on cognitive tasks of low complexity
that use simple stimulus materials.
In the present study these findings are further elaborated. By taking an informa-
tion processing task and the concurrent recording of ERPs it is investigated whether
stimulus related processes, more specifically processes related to the perception and cat-
4 In view of this state of affairs it is hard [o think of any type of S-R association in choice reaction
time [asks [har can be assumed to be equally compatible across a wide range of cultures. This implies that
there is no [ask for which an equal mean CRT can be expected a priori.
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egorization of stimuli, can be held responsible for the differential effects of stimulus
familiarity. This approach makes it possible to study both cross-cultural differences and
similarities in performance.
The present study falls within the universalistic orientation, in which the cross-
cultural identity of cognitive processes as such is not questioned. However, it is
assumed that the ease with which a certain process is evoked and executed is influenced
by prior experience with and exposure to tasks and task settings. Moreover, it is pre-
sumed that with an experiment designed according to an information processing
approach, the influence of stimulus familiarity can be controlled, which will result in
more insight into the nature of the relationship between this factor and the underlying
cognitive process. Stated differently, an attempt is made to capture the influence of
"culture" in terms of specific task variables and thereby to learn more about the mech-






The use of elect:roencephalographic (EEG) recordings, especially the socalled event-
related brain potentials (ERPs) in the context of cross-cultural research is rather unusu-
al. The aim of the present chapter is, besides giving an introduction to ERPs, to illUS-
trace the role ERPs can play in cross-cultural research. First, the signal will be described
and some issues concerning definition and significance will be discussed. Secondly,
attempts to find intelligence-related ERP indices will be reviewed. Because cross-cul-
rural research in the cognitive domain is closely related to research on intelligence this
type of study is relevant.  Finally, cross-cultural studies using psychophysiological vari-
ables are reviewed to check whether there are aspects that should be taken into account
when ERPs are obtained cross-culturally.
EEG and ERPs: general description and terminology
The electrical activity of the brain can be recorded by means of electrodes placed
on the scalp. This recording of potential differences between electrodes against time is
called the electroencephalogram (EEG). The periodic voltage fluctuations in the "spon-
taneous" EEG are classified On the basis of their frequency, for example, delia (.5  - 4 Hz),
theta (5 - 7 Hz), alpha (8 - 12 Hz), beta (13 - 30 Hz), and gamma (31 - 50 Hz). The
spontaneous or background EEG is used as an indicator of the level of consciousness and
has a range of clinical applications, for example, the screening and monitoring of abnor-
malities in brain functioning (cf. Cooper, Osselton, & Shaw, 1980; Kalat, 1998).
ERPs are psychophysiological measures that have evolved from EEG-research.
ERPs are called "event-related" because they have a systematic time relationship with
a discrete, well-defined -event". Events can be internal or external to the participant
and the elicited brain activity can occur in preparation for, or in response to an event.
Examples of events are the presentation of (simple) auditory or visual stimuli, the omis-
sion of a tone from a series of regularly presented tones, the onset of a voluntary move-
ment or the updating of short term memory. ERPs are extracted from the background
EEG-activity by an averaging procedure, in which epochs of EEG-activity, containing
the event of interest, are added and averaged. Since the background activity is consid-
ered random in relation to the event, the averaging procedure results in a decrease of
the background activity and an increase of the signal we are interested in. Thus, the
increase in the signal-to-noise ratio rnakes it easier to distinguish the signal (the ERP)
from the remaining noise (background EEG).
An ERP is a series of positive and negative deflections, waves or peaks in the aver-
aged signal. For psychophysiological purposes the signal is divided into components,
that is, parts of the signal that covary with the manipulation of specific independent
variables. According to Fabiani, Gratton, Karis and Donchin (1987) each component ide-
ally represents a discrete and interpretable unit of a psychophysiological response, that
is, the manifestation of one (kind of) psychological event. The labelling of waves is often
based on the polarity (P for positive and N for negative) and latency (in milliseconds),
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for example P 100, N200. Unfortunately there are no standard rules for the definition
of components. To avoid confusion it is useful to make a distinction between observa-
tional (or operational), and theoretical definitions or references to a component
(Donchin, Callaway, Cooper, Desmedr, Goff, Hillyard & Sutton, 1977; Fabiani et al.,
1987). An observational or operational reference describes specific features of the actu-
al data in a specific condition or experiment which are used to label that particular com-
ponent, for example N225, P500, etc. A theoretical definition refers primarily to the
functional significance of a component, though it may contain some (ideal) morpho-
logical features. The observational and the theoretical references do not necessarily have
to be in agreement with each other. The observed latency of a component can vary over
conditions as a function of, for example, task difficulty. The theoretical or functional
significance, on the other hand, can remain identical in all task conditions. For the
P(300). for example, one could argue that the latency theoretically is around 300 mil-
liseconds. However, latencies up to 800 and even 900 milliseconds have been observed
for this component (cf. Coles, Smid, Scheffers, & Otten, 1995; Verleger, 1997). Still, in
all these instances the component is regarded to reflect stimulus evaluation time, thus
the functional significance remains the same. In an information processing approach
components are associated with specific cognitive processes. These associations are
based primarily on the covariation of a component with different task conditions. In the
present study ERPs have been chosen as dependent variables on the basis of their pre-
sumed functional significance.
Exogenous versus endogenous ERPs
Two classes of components have been distinguished, exogenous and endogenous
(Donchin, Ritter, & McCallum, 1978). Exogenous or sensory components are the earli-
est and obligatory responses elicited in reaction to stimuli external to the central ner-
vous system. Their characteristics are determined by the physical properties of the stim-
ulus such as brightness of a flash, Or the intensity of a tone. These early components
(occurring ()-200 ms after stimulus onset) are used clinically to check the transmission
of sensory information to the brain, because they can be measured reliably; that is, with
little variability in latency and amplitude (see for example Halliday, Butter & Paul,
1987).
From a cognitive point: of view the endogenous components are more interesting.
The occurrence of endogenous or late components is assumed to be relatively indepen-
dent of the physical characteristics of the stimulus. Moreover, they do not necessarily
have to be elicited by external stimuli. When, for example, a series of tones is present-
ed and occasionally one of the tones is omitted, endogenous components will occur
around the time the omitted tone was to be presented (Johnson, 1984). In this case the
expectancy of a tone at a particular time elicits an ERR  It is assumed that the latency
and the shape of endogenous components is primarily determined by the cognitive
processes involved in the stimulus events. For different tasks the cognitive demands
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may vary considerably. Consequently, the observed latency and shape of a specific
endogenous component can also vary widely. As mentioned earlier, for a component like
the P300, latencies from 300 up to 1000 milliseconds have been reported. Because of
their relation to cognitive processes the focus of interest in the present study is on
endogenous components.
Definition of components
With respect to the definition of endogenous ERP components there is no agree-
ment among researchers about what criteria are necessary for an unequivocal definition
of a component. This issue has been approached from a physiological and from a func-
tional viewpoint. A physiological approach emphasizes the neurophysiological mecha-
nism that generates the component as defining characteristic (NUiitiinen & Picton,
1987; Picton & Stuss,  1980). SO, the definition of a component entails the determina-
tion of the anatomical sources responsible for its generation. It is assumed that knowl-
edge about these mechanisms will reveal something about the functional significance
of a component.  From a functional point of view the psychological process that is being
associated with a component is most important for the definition (Donchin, 1979,
1981). Components are defined on the basis of their covariation with manipulation of
experimental variables which, on the basis of behavioural studies, have been related to
specific cognitive processes. The physiological approach and psychological approach are
not mutually exclusive. Often researchers take aspects of both approaches into account
in their definitions of components.
Investigators have tried to compose a list of criteria for the definition of compo-
nents (Coles, Gratton, & Fabiani,1990; Donchin et al., 1978, Sutton & Ruchkin, 1984),
but there is no agreement about what criteria are necessary. Some of the criteria of
Donchin et al. (1978) have become classic, because they are included in most lists.
These authors proposed the following criteria to identify endogenous components:
1) Responses to Stimuli should be nonobligatory (in contrast to exogenous compo-
nents).
2) A characteristic amplitude, latency, and scalp distribution should be observed
irrespective of the physical parameters or sensory modality of the stimulus elicit-
ing a component.
3) The observed variance in the component can be accounted for by experimental
manipulation of task variables.
A consequence of the third criterion is thar a component cannot be defined On the
basis of a single condition. Only comparison of conditions (tasks, groups of subjects) can
provide meaningful and interpretable information about the influence of certain vari-
ables and the functional significance of a component. Knowledge about conditions is
therefore necessary for a valid interpretation.
Event:-related brain potentials                                                                37
Components in mental chronometry
A range of components have been identified that have been shown to be relevant
in the study of mental chronometry'. For example, components have been associated
with early perceptual processes (e.g., Hillyard & Kutas, 1983; NUU:tinen. 1975), stim-
ulus evaluation (e.g., Donchin, et al., 1978), semantic processes (e.g., Kutas & Hillyard,
1980), and response preparation (e.g., Brunia, 1985, Coles 1989). In the following
paragraphs two components will be discussed pertinent to the present investigation of
cross-cultural differences in performance on cognitive tasks. This implies that only
visual ERPs, which have been related to central information processing activities like
stimulus evaluation and response preparation will be discussed.
P3.   The  P300,  P3 or P3-complex'  is  the most extensively studied  ERP compo-
nent. It is a positive deflection that occurs about 300 milliseconds or later after appear-
ance of a stimulus and is preceded by the P 1(00), N2(00) and P2(00). In contrast co ear-
lier components the P3 is regarded as completely endogenous. A vast amount of liter-
ature describes task variables and antecedent conditions to which the P3 has been
shown to be sensitive (see Verleger, 1997 for an overview). Yet, a widely accepted the-
ory about the functional significance that can explain all observed variations is still
lacking. In most cases the explanation is closely related to the experimental paradigm,
that is, to the observational definition.« The P3 that will be discussed here is a positive
wave that has a maximum amplitude at central or parietal electrode positions. It is synony-
mous to the component referred to in the literature as P3b. The discussion of studies
will be restricted to those concerning the P3 (or P3b) elicited in response to attended
visual stimuli and more specifically as a dependent variable in chronometric information
processing studies. Although occasionally the amplitude will be discussed the emphasis
is on the latency of the P3 as a time marker of certain information processing activities.
According to Donchin et al. (1978) the latency of the P3 "has been shown to
depend on the time subjects require to recognize a stimulus for what it is" (p. 377),
which was labelled stimulus evaluation time. The duration of stimulus evaluation is
assumed to encompass perceptual (e.g., identification) and central-cognitive (e.g., cat-
egorisation) processes preceding response-related processes (cf. Smid, 1993). For exam-
pie, either a letter or a number is presented in a task and for each of the two categories
4 See the previous chapter on cross-cultural research on cognition for an explanation of the concept of men-
cal chronometry.
3To avoid confusion this component will be referred ro as P3 in [he remainder of the tex[, irrespective of
the label used by authors of the study [har is being described.
6 Actually, it is not even correct to talk about "the" Pi, because different subcomponents (i.e., Pja or
"novel" P3, Plb etc.) have been distinguished rhar appear to be sensitive to different aspects ofa task (e.g.,
Johnson, 1993; Katayama & Polich, 1998). Since for the purpose of [he present study the issue is not
directly relevant. the differences between [hese subcomponents will not be discussed furiher.
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a different response is required. During task performance the stimulus first has to be
identified and the category to which it belongs determined (letters or numbers) before
the appropriate response can be given. The moment the peak of the P3 occurs is regard-
ed to reflect the moment the stimulus has been identified and categorized, independent
of the response-related processes. Thus, the latency of the P3  is associated with the com-
pletion of the stimulus-related aspects of information processing. Note, that specific
task demands determine which (set of) processes are completed before the P3 is elicit-
ed. For example, the task described above can be made more complicated by only
requiring a response when vowels or odd numbers are presented. In this case the peak
of the P3 will occur later because an extra categorisation has to be performed before the
central-cognitive information processing is completed.
The interpretation of the P3-latency as an index of stimulus evaluation time stems
from results of studies which have indicated that the latency of the P3 varies as a func-
tion of the number and kind of manipulations affecting stimulus evaluation time, but
is relatively insensitive to manipulations affecting response selection and execution
time (see Donchin, 1984).
Kutas, McCarthy and Donchin (1977) conducted one of the earlier studies that
supported the "stimulus evaluation hypothesis" of the P3. Their participants received
instructions that stressed either accuracy or speed. The correlation between P3 and RT
observed in the accuracy condition was much larger than the one recorded under speed
instructions. Thus, the correlation between P3 latency and RT changed as a function of
the speed-accuracy trade-off. In addition, manipulations of stimulus discriminability
had a substantial effect on P3-latency.
The study by Magliero, Bashore, Coles and Donchin (1984) forms another exam-
ple of a study designed to investigate whether the P3-latency and RT could be differ-
entially affected by task variables. In their experiment stimulus recognition was manip-
ulated by varying the discriminability of the stimuli while response execution was
manipulated by variations in stimulus-response compatibility. Both manipulations
affected the RT, but P3-latency was only sensitive to the manipulation of stimulus dis-
criminabiliry. With different levels of stimulus discriminability RT and P3-latency
covaried, but across the response compatibility conditions no association between P3-
latency and RT was observed.
Altogether these results strengthened the view, which is still predominant, that
the peak latency of the P3  is an index of the completion of stimulus evaluation process-
es, or, formulated differently, the entire complex of processes independent of and pre-
ceding response selection and execution (Magliero et al., 1984).
Recently the interpretation that the P3 is exclusively an index of stimulus evalua-
tion processes has been criticized (Verleger, 1997). On the basis of his meta-analysis
Verleger concludes that P3-latency is not a sensitive tool to separate between stimulus-
related and response-related processes. In this meta-analysis studies are reviewed in
which a wide range of (visual) task variables are varied and it is investigated whether
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the sensitivity of the P3-latency is highest in those experiments in which the manipu-
lations (are assumed to) influence the timing of stimulus evaluation processes. The pat-
tern of results is not consistent and does not clearly support the hypothesis of P3-laten-
cy as index of stimulus evaluation processes. On the basis of the results of meta-analy-
sis Verleger suggests that the functional significance is dependent on the length of the
RTs. Two routes of information processing are distinguished, a direct and a slow route.
In the direct route fixed S-R relations exist and consequently responses resemble reflex-
es. Conditions that are associated with this direct route are simple tasks, tasks with a
high stimulus-response compatibility and trained subjects. Under these conditions the
P3-complex consists of one peak with the latency reflecting the timing of all processes
preceding response initiation. Note that this also includes response selection. The slow
route, on the other hand, is characterized by serial information processing and occurs in
complex tasks, tasks with a low stimulus-response compatibility and unexperienced
subjects. In these cases the P3-complex iS thought to consist of two components; the
first component reflects the timing of stimulus processing and the second one the tim-
ing of response selection.
The results of Leuthold and Sommer (1998) are at odds with the base-level RT
hypothesis of Verleger, because the expected relationship between stimulus-response
compatibility and speed of RT was not observed. In their study the hypothesis that the
latency of the P3 is influenced exclusively by perceptual variables was tested. No sup-
port for this idea was found, because, in addition  to the effects of manipulations of per-
ceptual variables, manipulations of spatial stimulus-response compatibility influenced
the  latency  of the P3. Although the latency  of the P3 appeared  not  only  to be related
to perceptual processes, Leuthold and Sommer (1998) still regard it: as an index that can
distinguish between premotor and motor effects on RT
Despite these controversies about its exact functional significance, the latency of
the P3 can be regarded as a kind of overall index of the speed or efficiency of central
information processing activities in a specific task as opposed to more peripheral
processes. Obviously it would allow for more detailed analyses if the P3-latency was
purely an index of only perceptual processes. Nevertheless, in combination with  RTs, it
still provides interesting data about the organization of information processing activi-
ties.  In the same way the latency of the P3 has been used to investigate the influence of
factors such as drugs (e.g., Callaway, 1983)or aging (e.g., Polich, 1996) on information
processing activities.
LRR The Lateralized Readiness Potential (LRP) is a relatively new, movement-
related ERP parameter which has evolved from research on movement preceding poten-
tials. Prior to voluntary movements a negative potential was recorded at the contralat-
eral side of the scalp, which was called the readiness potential (RP) (Kornhuber &
Deecke, 1965). Thus, for example, before the right hand is moved a negative shift can
be recorded over the motor areas ar the left side of the brain. A similar lateralization has
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been observed in RT-tasks where the responding hand was cued by a warning stimulus.
However, besides motor related activity the asymmetrical brain activity contains non-
motor-related activity and structural asymmetries. The LRP has been developed as a
composite index of asymmetrical brain activity preceding both left side and right side
responses (i.e., hand movements) during task performance, which has been corrected for
non-motoric asymmetries (see Coles  1989;  De long, Wierda, Mulder & Mulder,  1988).
Initially this index was also called corrected motor asymmetry (CMA) (De Jong et al,
1998) which actually is a more appropriate label (see Smid, 1993). However, the name
LRP is more widely used.
A distinction can been made between stimulus-locked LRPs and response-locked
LRPs (for example, Miller & Ulrich, 1998). Stimulus-locked LRPs are waveforms for
which the trials have been averaged time-locked to the moment of stimulus presenta-
tion and are associated with response selection. The lateralized part of cortical motor
activity is thought be reflected by response-locked LRPs, which are computed by aver-
aging trials time-locked to the response.
A stimulus-locked LRP associated with a correct response is a negative deflection
about 200 milliseconds after stimulus onset. The onset latency of the LRP has been
associated with the start of central selective response preparation. It is regarded as the
moment after stimulus onset at which the selection of a specific response is initiated.
According to Smid (1993) the LRP onset has to be regarded as the first moment out-
put from the S(timulus)-R(esponse) translation process is received by the lateralized
motor structures. That is, the earliest moment in time stimulus information is trans-
lated in the selection of a response (one of both hands). The latency of the LRP is usu-
ally  shorter  than  that  of the  P3,  so  presumably  the  selection  of the response starts  on
the basis of incomplete stimulus evaluation. Furthermore, it is important to note that
at che moment of LRP-onset no peripheral signs of response activation can be detected
in muscle activity or other overt behaviour.
The LRP has been used primarily as a parameter in studies investigating the tem-
poral organization of information processing activities (e.g., Coles, De Jong, Gehring,
& Gratton, 1991; Miller, 1991; Miller & Hackley, 1992; Osman, Bashore, Coles,
Donchin, & Meyer, 1992). The central question in these studies is whether information
processing is characterized by serial discrete stages or by a continuous flow of informa-
tion (see also Chapter 2 in the section on cognitive processes from an information pro-
cessing viewpoint). The finding of LRPs has been regarded as an argument in favour of
the continuous flow position, because it shows that responding starts on the basis of
partial information of the stimulus,  that is, before the peak latency of the P3 which is
regarded as an index of the completion of stimulus evaluation processes. The Eriksen
letter-classification task (Eriksen & Eriksen, 1974) is frequently used in this research
area. In this task a centrally presented target letter (e.g., H or S) is Ranked by either
response-compatible, identical letters (HHHHH and SSSSS) or by response-incompat-
ible, non-identical letters (HHSHH and SSHSS). When the target letter is an H a left
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hand response is required, whereas a right hand response is required to a target S. A
response conflict on incompatible trials (HHSHH; SSHSS) is reflected by the succession
of a positive and a negative LRP, which indicates that initially the incorrect response is
activated followed by activation of the correct response.
Thus, in contrast to the P3 the LRP is an index of response related processes.
Together they provide a means to investigate in more detail the information processing
activities between stimulus presentation and the response. Moreover, association and
dissociation of different aspects of information processing under certain conditions, as
reflected by the P3 and the LRP, may provide more detailed information about differ-
ences in task performance between conditions and/or groups of subjects from, for exam-
ple, different cultures, as in the present study.
ERPs, intelligence and inspection time
Usually the functional significance of an ERP component has been investigated
after it was discovered, but in some cases researchers have tried to find characteristic
psychophysiological manifestations of a specific aspect of cognitive processing. In this
way attempts have been made to detect biological substrates of intelligence. The objec-
tive was to find a physiological measure that could distinguish high-ability from low-
ability participants. Various measures have been proposed ranging from "raw" EEG
activity to frequency spectra (for overviews see, for example, Deary & Caryl, 1993; Jensen
1998). Also different (aspects 00 ERPs have been analysed for their relation with intel-
ligence, dependent on implicit or explicit hypotheses about what distinguishes the brain
activity of high-ability participants and low-ability participants. In this section the rela-
tionship between intelligence and evoked or event-related potentials- will be discussed.
In the context of the present study this kind of research is of interest because studies on
cross-cultural differences in performance on cognitive tasks historically have been closely
related to research on individual differences in intelligence (e.g., Eysenck, 1982; Jensen,
1998; Vernon, 1990; see also Chapter 2 about cross-cultural research on cognition).
String length. An example of a proposed physiological manifestation of intelligence
is the "string length" measure ofaveraged evoked potentials (AEPs)» (e.g., Hendrickson
& Hendrickson, 1980). The notion underlying this measure is that variability in evoked
potentials ,in reaction to repeated stimulus presentations, is due to errors in neural
transmission. The brain activity of more intelligent subjects is assumed to be charac-
7.Evoked" potentials refer to signals eliciced by an external stimuli, whereas for "event-related" potentials
the eliciting stimulus does not necessarily have to be external. Particularly in early studies the term "evo-
ked" instead of "event-relaced" was used. In the discussion of different studies the label that was given in
the investigation will be used.
8 In this area of research the averaged EEG activity is referred to as averaged evoked potentials (AEPs).  The
label AEP is not to be confused with the abbreviation for auditory evoked potentials.
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terized by more efficient processing (i.e., with fewer neural transmission errors).
Consequently, the AEPs of high IQ subjects should show less variability and hence
more pronounced peaks. On the other hand, the patterns of AEPs of low IQ individu-
als should be characterized by more variability and averages with less pronounced,
broader peaks (Deary & Caryl, 1993; Hendrickson & Hendrickson, 1980). The "string
length" (i.e., the total length of the averaged signal in a given epoch) is supposed to
provide a quantification of the difference in AEPs between high-ability and low-abili-
ty individuals. Furthermore, it is assumed that this measure correlates with scores on
intelligence tests. The results with respect to this relationship are inconsistent (for an
overview see Melis, 1997; Robaey, Cansino, Dugas, & Renault, 1995). However, it is
questionable whether the length of the AEP really is a valid reflection of the variability
in the latency of the individual samples (e.g., Verleger, 1999). Even if the measure is
valid, it is probably difficult to interpret because the AEPs are not obtained during the
task measuring intelligence (Donchin, 1984). The presumed relationship between task
performance on an intelligence test and the variability in AEPs is highly speculative
and difficult to clarify with the described paradigm.
Inspection time. AEPs also have been related to "inspection time" and in this way
indirectly to intelligence. Inspection time (IT) is a measure of speed of perceptual
intake which has been shown to correlate with IQ-scores (e.g., Brand & Deary, 1982).
IT score reflects the stimulus presentation duration which a perceptual discrimination
task can be performed with a specific level of accuracy (Zhang, Caryl & Deary, 1989a,
1989b). The task requires the participant to determine which of tWO line segments is
the longest while presentation time is varied. The stimulus presentation time at which
the participant can perform the task at an arbitrarily chosen accuracy level of, for exam-
ple 85%, is defined as his/ her IT (Zhang et al., 1989a, 1989b). There is no agreement
among researchers about the reason for the observed correlation between IT and IQ-
scores. With respect to the functional significance it has been suggested that IT is
dependent on the rate of information transmission from a sensory register to short term
memory and that the P200 component of the AEP is an index of this process (see Zhang
et al., 1989a, 1989b).
Zhang et al. (1989a, 1989b) and Deary, Caryl, Egan and Wight (1989) investigat-
ed the relationship between the P200-component of AEPs and IT. The AEPs were
obtained during a perceptual discrimination task at a participant's individual IT level.
In particular, Zhang et al. (1989b) found a correlation between IT and the rise time of
the P200, labelled as PZOOT. This variable reflects the speed of transition between the
negative peak preceding the P200 and the positive-going peak of the P200. In contrast
to other (conventional) latency or amplitude measures the PZOOT also correlated with
IQ-scores. Note, that a rapid transition time, as indexed by the P2OOT and correlated
with a high performance on the IT-task and IQ-scores, probably results from little vari-
ability of individual EEG-samples. This means that good performance is characterized
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by more stable EEG-activity, chat is, a high P2OOT, which is compatible with the ideas
about neural efficiency on which Hendrickson and Hendrickson (1980) based their
"string" measures.
Morris and Alcorn (1995) focussed on the slope of the Nl -P2-complex and its rela-
tionship with IT and intelligence. Their index for the slope, labelled P2009 was cal-
culated by dividing the Nl-P2-amplitude by its latency difference: P20OS = (P200
amplitude - N150 amplitude)  / (P200 latency  - N150 latency).  The IT task during
which the EEG was recorded was more difficult than usual. Instead of judging the
length of line segments participants had to identify a letter. Intelligence was assessed
by the Raven Standard Progressive Matrices. In addition to significant correlations
between IQ-scores and recognition accuracy the correlation between the Raven scores
and the P20OS proved to be significant. Conventional latency and amplitude of neither
the N 1  nor the P2 showed significant correlations.
Problematic in this IT approach is that the functional significance of the indices
derived from  the AEPs remains unclear, thereby prohibiting a description of aspects of
task performance on which high-ability and low-ability participants differ. A further
complication is that the mechanisms underlying the relationship between IT and per-
formance on intelligence tests are not clear.
Psyrbometric tests. Attempts have also been  made to link ERPs to the scores of psy-
chometric tests. Various psychometric tests have been used (WISC, WAIS-(sub)tests,
Raven, MAB) and several ERP measures have been explored (P2, P3, latencies, ampli-
tudes, or more complicated indices). Deary and Caryl (1993) give an extensive overview
of studies that  investigated the relationship between intelligence as measured with psy-
chometric tests and ERPs. The assumption underlying most of the research is the men-
tal speed hypothesis (Brand & Deary, 1982) which presumes that the mental processes
of brighter individuals are faster, or some analogous notion. Characteristic is that in all
studies a single, composite intelligence score is correlated with some ERP-measure
obtained during a different task, usually flashlights or series of tones (i.e., oddball-task).
A main criticism that can be raised, and has been mentioned earlier, is that it is diffi-
cult or even suspect to interpret ERPs that have not been obtained during the process
of interest (Donchin, 1984). Moreover, it is rather optimistic to presume that an
abstract concept like intelligence could be captured in a single ERP parameter. This
argument is supported by the finding that studies investigating the relationship
between differentiated aspects of intelligence and ERPs have not been successful in
finding a clear pattern of brain activity associated with the performance of high-ability
or low-ability participants (Brand & Deary, 1982). As such it forms an argument in
favour of the approach of the present study, which focusses on (differences in) specific
information processing activities underlying cross-cultural differences on simple cogni-
tive tasks indexed by specific ERP components.
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P3  and intelligence.   In a study by McGarry-Roberts, Stelmack and Campbell (1992)
ERPs, in particular the P3, were investigated in relation to intelligence and RT. More
specifically, they examined individual differences in the P3 recorded during the perfor-
mance of simple cognitive tasks  that  had been shown to vary with tests of general intel-
ligence. The tasks were of different levels of difficulty and were supposed to measure
different aspects of information processing. Participants were divided into a group of
high ability and a group of low ability, based on their scores on the Multidimensional
Apl:itude Battery. An association between mental ability and RT was found. In this
study RT corresponded with the time between stimulus presentation and release of a
"home" button. The time between release of the home button and pressing of the
response button was called movement time (MT). For the P3-latency the association
with mental ability was even stronger than for RT A factor analysis revealed that the
factor scores on the first factor for both the P3-latency and RT were negatively corre-
lated with traditional mental ability scores, but had no relationship with each Other.
This suggested that these two variables measure different components of a general IQ-
factor. The authors concluded that, when a distinction is made between RT and MT,
P3-latency and RT reflect general stimulus-evaluation and response-production com-
ponents of cognitive information processing respectively. This explanation is in accor-
dance with research on the functional significance of the latency of the P3 (Donchin,
1984; Kutas et al.,  1977). It is suggested that probably a substantial portion of the vari-
ance in general intelligence can be explained by the speed and efficiency with which the
cognitive processes underlying the latency of the P3 are performed. This line of reason-
ing resembles the neural efficiency hypothesis mentioned earlier. More recently,
Houlihan, Stelmack and Campbell ( 1998) studied the relationship  between the P3  and
psychometric intelligence in a Sternberg memory-scanning task. In such a task
(Sternberg, 1969a) on each trial first a memory set is presented followed by a probe
stimulus for which the participant has to indicate whether it contains one of the mem-
ory-set items. Contrary to expectations the P3-latency in response to the presentation
of the memory set was shorter for low-ability participants. No differences were found
for the P3-latencies elicited by the probe st:imuli. These results are not in accordance
with a neural efficiency and/or speed of processing explanation of the relationship
between P3-latencies and IQ-scores. Houlihan et al. suggest that the longer P3-laten-
cies of high ability participants may be caused by a more elaborate stimulus evaluation
strategy.
In conclusion, these contradictory results on the relationship between the P3-
latency, IQ-scores and task performance suggest that this relationship might be task
dependent. This Supports the approach of the present study which investigates infor-
mation processing activities by means of ERPs on tasks for which cross-cultural differ-
ences in performance have been observed consistently in the literature.
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Psychophysiological variables in cross-cultural research
A useful framework for the discussion of cross-cultural studies using psychophysi-
ological variables is the taxonomy of Van de Vi iver and Leung (1997). They distinguish
two dimensions on which cross-cultural studies can vary. First, studies can either be
hypothesis-testing or exploratory. Sometimes it is difficult to formulate hypotheses
about anticipated similarities and differences between cultures because of a lack of
knowledge about a specific culture, thus necessarily resulting in exploratory studies.
The second dimension concerns context variables. Demographic or even relevant psy-
chological variables may or may not be considered in the comparison of cultures and in
the explanation of observed differences and/or similarities. If no context variables are
considered a study has a more descriptive character, providing information about
observed differences and similarities on one or more specific variable(s) across cultures.
The purpose of considering context variables  is  the clarification  of cross-cultural differ-
ences and similarities. The authors cross the two dimensions which results in four dif-
ferent typeS of study: generalizability, theory-driven, psychological differences and
external validation studies. Generalizability studies emphasize hypothesis testing,
specifically the generalizability of previous findings to other cultural groups, but
besides the specific variables contextual factors are hardly considered. In theory-driven
studies specific hypotheses about contextual variables following from a theoretical
model are tested. Psychological differences studies are characterized by their explorato-
ry nature and lack of reference to contextual variables; simply cross-cultural differences
with respect to some variable or instrument are investigated. External validation stud-
ies are also exploratory in nature, but contextual variables are used to explore the mean-
ing and causes of cross-cultural differences. For example, regression analysis is often
used to identify variables that can help to interpret observed cross-cultural differences.
Early cross-cultural studies, using physiological indicators for diagnostic purposes,
fall  in  the category of psychological differences.  The aim of these studies was to identi-
fy psychophysiological concomitants of abnormal conditions, like diseases or malnutri-
tion (e.g., Kwas biorkor, a serious illness that can affect young children as a consequence
of a protein deficiency; Nelson, 1980; Griesel, 1973,1984) Specifically, Nelson inves-
tigated changes in EEG frequencies associated with protein-calorie deficiency. Because
of the clinical emphasis this research is not directly relevant for the present study.
Other early studies, using psychophysiological variables (predominantly from the
EEG) ro index differences between races or cultures also can be labelled as psychologi-
cal differences studies. For example, Gallais, Bert, Corriol, and Miletto (1951) reported
that African subjects in the French army showed signs of neurological immaturity, pos-
sibly reflecting differences in psychobiological integration as a consequence of cultural
and biological factors. Characteristic of these studies is that despite their exploratory
nature, the interpretations tend to have ethnocentric overtones and post hoc reference
is made to contextual variables. As became evident in later clinical studies, differences
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in the EEG between racial samples are small and have little bearing on cognitive func-
tioning (Mundy-Castle, 1953,1975).
Four examples of studies using (psycho)physiological factors" are illustrative for the
category of generalizability studies. First, in cross-cultural comparisons of colour per-
ception and susceptibility for visual illusions physiological factors have been proposed
as an explanation for observed differences. Racial groups differ in the pigmentation of
the retina, with darker skinned people having a more dense pigmentation. Short wave
length colours (like blue) are absorbed to a greater extent by pigment in the retina than
long wave colours (like red). As a consequence short wave length colours will be
absorbed to a relatively greater extent by the retina ofdarker skinned people. It has been
suggested that these physiological differences in retinal pigmentation may be responsi-
ble for observed cross-cultural differences in the confusion between green and blue in
colour naming, and the susceptibility for visual illusions presented in blue (see Berry et
al., 1992; Berry, 1971; Bornstein, 1973; Jahoda, 1971; Rivers, 1901). Because of con-
flicting evidence and the lack of further investigations this explanation never has been
firmly established. Though it can be argued that the earlier studies on this topic rather
fall in the category of "psychological differences" studies, later investigations fit the cri-
teria of generalizability studies.
A second example in the category of generalizability studies is the investigation of
Levenson, Ekman, Heider and Friesen (1992) in which the hypothesis was tested that
Indonesian participants showed similar patterns of autonomic nervous system activity
associated with emotions as found earlier in an American sample. Physiological mea-
sures like heart rate, finger temperature, skin conductance, finger pulse measures and
respiratory recordings were used. The results provided support for cross-cultural con-
sistencies in autonomic nervous system differences between emotions. However, this
kind of research has been criticized because the results of studies on physiological  man-
ifestations of emotions show little consistency (Cacioppo, Klein, Berntson & Hatfield,
1993; Mesquita, Frijda, & Scherer, 1997).
The third example comes from Poortinga and Foden (1975), who included physi-
ological recordings (skin conductance, EEG and evoked potentials) in a comparative
study of "curiosity" (Berlyne, 1960) and exploratory behaviour among black and white
South African students. The authors investigated the possibility that cross-cultural dif-
ferences on curiosity tests were biased as a consequence of a culture-idiosyncratic choice
of stimuli. The validity of findings on the psychological tests of curiosity would be
increased if psychophysiological indices of arousal and attention, that are related to
curiosity, would show corresponding patterns of differences. As it happened the two
samples obtained rather similar scores on a range of curiosity teSIS making the psy-
9 Although [he first and second example concern other (psycho)physiological factors than ERPs these studies
are described  to give an impression of the way in which such  variables  have been  used in  cross-cultural  studies.
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chophysiological recordings somewhat superfluous. Although strict criteria for equiva-
lence'" were nor met for the physiological data, similar patterns were found in both
groups, thereby validating the results of the Other tests.
Finally, Poortinga (1993) tested the hypothesis thar the basic personality variable
of nervous system strength would have the same distribution of scores in subjects from
India and The Netherlands (and thus in his terminology would be "strictly equiva-
tent"). Strength was formulated by Pavlov as one of the basic properties of the nervous
system. Individuals with a high nervous system strength have a high tolerance for stim-
uli of a strong intensity and a high absolute sensory threshold, while individuals with
a low strength of the nervous system already show a relatively strong response to weak
stimuli and have low absolute sensory thresholds. Western researchers have linked the
concept of nervous system strength to arousability (Gray,  1964) and extraversion-intro-
version (Eysenck, 1967). For the latter personality dimension, substantial cross-cultur-
al differences have been reported (e.g., Eysenck & Eysenck, 1983). In two out of three
experiments in the study of Poortinga (1993; see also Poortinga, Van de Vijver, Joe &
Van de Koppel, 1987), in which differential reactions to louder and softer stimuli were
recorded, no significant intercultural differences were found between distributions of
scores on the crucial dependent variables. Poortinga argued that his composite variables
which involved the Orienting Reftex, measured with a skin conductance response pro-
cedure, alpha frequency in the EEG and evoked potentials met requirements for strict
universality. The psychophysiological measures showed the invariance of psychological
traits, thus throwing doubt on cross-cultural differences in self-report questionnaires on
strength-related variables like extraversion-introversion.
The present study can be best categorized as a theory-driven study because specif-
ic hypotheses are tested about contextual (i.e., cross-cultural) variables. Psychophysio-
logical indices are used as dependent, chronopsychophysiological variables (Van der
Molen, Bashore, Halliday, & Callaway,  1991). This approach is an elaboration of men-
tal chronometry (cf. Sternberg, 1969a; Posner, 1978) in which the structure and tim-
ing of mental processing are studied (see Chapter 2). In addition to RTs concurrently
recorded psychophysiological indices serve as dependent variables. Several models have
been developed to describe the organization of information processing activities during
(cognitive) task performance. The validity of the models is evaluated by manipulation
of independent task variables which are hypothesized to influence a specific aspect of
information processing. In applied research the influence of, for example drugs
(Callaway, 1983), or aging (e.g., Polich, 1996) have been investigated. In the present
study, following a similar approach, it is assumed that contextual (or cultural) variables
like stimulus and task familiarity can be identified that influence specific aspects of task
10 The concept of strict universality and conditions for equivalence have been discussed in Chapter 2 on
c ross-cultural research on cognition.
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performance. The psychophysiological indices are used to test whether hypothesized
aspects of information processing (i.e., stimulus-related subprocesses) are sensitive  to
the manipulation of the contextual variables.
In a cross-cultural context this approach is relatively new. Verster (1983, 1991)
explicitly used an information processing model underlying cognitive test performance
in a comparison of South African participants of different gender and cultural back-
ground. However, the psychophysiological indices (i.e., visually evoked potentials,
VEPs) could not be analyzed chronopsychophsyiologically, because they were not
recorded during performance of the cognitive tasks. The VEPs were elicited on a sepa-
rate task and correlations with cognitive task performance were calculated.
Consequently they provided no information about the temporal aspects of information
processing as is characteristic for the chronopsychophysiological approach.
Equivalence of psychophysiological data
An important issue concerns the level of equivalence or universality that can be
attained for psychophysiological data obtained in culturally different groups (see
Chapter 2 for a discussion on the concept of equivalence). More specifically, for the pre-
sent study the question is whether there are factors that influence the level of equiva-
lence and have to be taken into account in the interpretation of the ERP-data. Although
in most cross-cultural studies with psychophysiological variables the level of equiva-
lence of the data has not been explicitly investigated, the results provide some infor-
mation on this issue. For example, cross-cultural differences have been reported in reti-
nal pigmentation and basic skin conductance level (cf. Berry et al., 1992; Poortinga &
Foden, 1975). It is difficult to judge the possible impact of retinal pigmentation on
ERPs, but at the functional psychological level no conclusive evidence has been found
that it influences the perception of visual illusions. In the case of skin conductance the
finding of cross-cultural differences in the basic level indicates that criteria for strict
universality, allowing for a comparison of absolute score levels, are unlikely to be met.
In the present study it cannot be excluded that there are physiological and/or anatom-
ical factors that influence absolute score levels, especially the amplitude of ERP-com-
ponents. In addition, the absolute score levels may be affected by the non identical test-
ing situations under which the ERPs were recorded in the different groups. Thus, for
the P3 in the present study absolute differences between cultural groups are expected
in, for example, the amplitude.
It should be possible, however, to fulfill the criteria for strong universality, that is,
comparison of patterns of scores, for ERP-data obtained in different cultural groups.
ERPs can be seen as biological measures of psychological processes. As a consequence of
their biological nature it is assumed that the influence of cultural factors on the mea-
sure as such is minimal (cf. Poortinga et al., 1990; the relative influence of cultural and
biological factors on domains of psychological processes has been discussed in Chapter
2). With respect to the ERPs this means that the relationship between the occurrence
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of this component and the underlying psychological processes are assumed to be iden-
tical across cultures. Another implication is that an identical succession of components
is expected. Thus, a P2 will always occur earlier than a P3. Such equivalence is a pre-
requisite for a meaningful interpretation of the experimental effects on the ERPs.
Otherwise cross-cultural comparison of the ERP results is unwarranted. Nevertheless,
cross-cultural differences are expected in, for example, the timing of psychological
processes that are reflected by the ERPs (i.e., the P3) and thus in the latency of a com-
ponent. It should be noted, that the criteria for strong universality concern the validi-
ty of comparison of patterns of ERPs across cultures. In conclusion, in the present study
no cross-cultural differences are expected in the occurrence of particular ERP-waves or
in the sequence of waves (e. g. Pl-Nl-P2-32-P3). Ar least the criteria for strong uni-
versality should be met for ERPs, thus cross-cultural differences in patterns of scores
should be interpretable.
The present study
Driven by the impasse in the discussion of the interpretation of cross-cultural dif-
ferences on simple cognitive RT-tasks ( see Chapter 2), the aim of the present study is
to provide experimental evidence for the interpretation that observed differences are a
consequence of cross-cultural differences in stimulus related factors. More precisely, it
will be investigated whether manipulation of stimulus-related factors such as experi-
ence or familiarity affect (patterns of) cross-cultural differences on RT tasks. The adop-
tion of an information processing approach and the recording of ERPs will allow for a
better interpretation of the cross-cultural differences than has been possible with behav-
ioural measures alone. In addition, a more detailed test of the experimental effects is
possible. With the simultaneously recorded ERPs it will be investigated whether the
manipulation of stimulus familiarity influences cross-cultural differences  in the timing
of stimulus related processes, more specifically processes related to the perception and
categorization of stimuli.
The present study falls within the universalistic orientation in which the cross-cul-
rural identity of cognitive processes as such is not questioned. However, it is assumed
that the ease with which a certain process is evoked and executed is influenced by prior
experience with and exposure to tasks and task settings. Moreover, it is presumed thar
with an experiment designed according to an information processing approach, the
influence of stimulus familiarity can be controlled, which will result  in a better insight
in the nature of the relationship between this factor and the underlying cognitive
process within a cross-cultural context. Stated differently, it is an attempt to capture the
influence of"culture" in terms of specific task variables and thereby to learn more about
the mechanisms through which stimulus familiarity exerts its influence.
To this end volunteers from three different groups from different cultural and edu-
cational backgrounds participated in the study, in which five RT tasks of varying com-
plexity were presented on three subsequent days. With the exception of the simplest
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task, stimulus familiarity was manipulated by training the participants on the first and
the second testing day. The influence of stimulus familiarity was further assessed by
administration of a sixth task, which was identical to one of the tasks, but with a dif-
ferent stimulus Set. In addition to RTs and errors, ERPs were analyzed. Specifically, the
latency of the P3 as an index of stimulus evaluation time and the lateralized readiness
potential (LRP) as a marker of response selection processes were studied. It was pre-
sumed that the morphology of the ERP-signals would be similar across cultures, which
would be taken as an indication that the ERP data fulfill the criteria for strong univer-
sality, and thus that patterns of scores Cover days and tasks) could be compared cross-
culturally. Finally, the IQ of the participants was assessed as an additional measure.
Before the hypotheses are formulated explicitly, the Method section will first be
presented with a more detailed description of the groups of participants, tasks, and







Volunteers from three different groups participated in the study, a non-Western
group with maximally only a few years of schooling at a low level, a non-Western group
of university students and a Western group of university students. The two non-Western
groups had the same cultural background, namely Venda. The Venda region is part of
ihe Northern Transvaal in South Africa. It borders on Zimbabwe in the North and the
Kruger Park in the East. The people living in Venda form a cultural group in which tra-
ditional beliefs are held by many and these influence their daily activities at different lev-
eis (Minnaar, Offringa & Payze, 1992). The Western group consisted of Dutch students
from Tilburg University. All participants, except two in the Venda student group and
one in the Dutch student group, were tested on three subsequent dayst I. Testing of each
group took place at a different location (Nwanedi, Thohoyandou and Tilburg) and time
(August-October 1995; March-May 1996; December 1996-April 1997 respectively). il
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Figure 4.1. Illustration of the testing situation at the Nwanedi resort in Venda. It shows the mobile
laboratory and the EEG technician from UN1SA attaching elecrrodes to a participant's head.
Unsebooled participants. Twenty nine volunteers with little schooling participated
in the experiment, but the data from three participants had to be discarded because they
exceeded the criterion of having a maximum of five years schooling.  Initially the crite-
rion was set at three years of school attendance. According to some definitions (Irvine,
11  In  the three exceptional cases there  was  an extra day  berween  the first  and  [he second  resting  session.
12 Data collection in Sou[h Africa, thar is. in the sample of unschooled Venda and rhe Venda students. was
done in collaboration with the Insttrute fc,r Behavioural Sciences of the University of South Africa. A [ech-
nician and an EEG technician from the Institute formed the UNISA par[ of the research [eam.
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1979; cf. Roberts,  1995) participants with this level of education still can be regarded
as illiterate. A similar problem was encountered with respect to the age of the partici-
pants. Since it was very difficult to find participants who were both adolescent and
unschooled, a school attendance of maximally five years was allowed and younger par-
ticipants were included in the sample. The remaining group of 26 participants consist-
ed of 14 boys and 12 girls in the age range from 13 to 20 years (mean-16.9, sci=2.4).
Three participants were younger than 15 years, four participants were  15, another four
participants were 16 years old. The other participants were older than 16. The reason
for inclusion of these relatively young participants in the sample was that during the
fieldwork it proved to be very difficult to find adolescent participants who also fulfilled
the criteria with respect to school attendance. As a consequence the number of years
they attended school ranged  from  1  to 5 years  with  a mean of 3.1  years (sd = 1.2).  None
of the participants reached Standard 4, which is comparable to the fourth form or year
of primary school  in the Dutch school system. It should be noted  that the level of edu-
cation is merely an indication, since it was impossible to verify the information about
school attendance reported by the participants. The curriculum and the quality of
schooling were also impossible to evaluate accurately, but generally quality of school-
ing in black rural areas in South Africa is known to be poor (Report of the commission
of inquiry into the system of education in operation in the Republic of Venda,  1982).
Two interpreters assisted with the data collection since the unschooled participants
only spoke Venda. During the screening, testing, training sessions and all Other tester-
participant interactions an interpreter was present all the time. All participants had
normal vision, as determined  by a Bausch and Lomb vision tester (cat.  71-22-41) and
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Figure 4.2. Illus[ration of the testing si[uation at Venda University.
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Testing took place in the Northern part of Venda. The camp and mobile laborato-
ry were set up at Nwanedi Resort in the Nwanedi nature reserve. Participants were
recruited from surrounding villages, such as Folovhode, Muswodi, Shakadza and
Gumela. A contact person from Venda University had spoken to the headmen and
chiefs to inform them about our study. Initially participants were selected by the head-
man or chief. Later on, after the news had spread, participants introduced new volun-
teers. Participants remained at the camp all day; they were picked up from their homes
in the morning and brought back in the evening by one of the experimenters. On the
last day they were paid a total amount of R60 (R20 per day) for their participation.
Venda  University. At Venda University 30 volunteers participated in the experi-
ment. Despite the screening procedure (see below) the data from one participant were
discarded because of fairly strong abnormalities in the EEG during the experiment. The
remaining group of 29 consisted of 15 male and  14 female participants ranging in age
from 19 to 28 years (mean=23.8, sd=2.0). Since all participants were university stu-
dents they had all had at least 12 years of schooling. One participant indicated that she
was left-handed. All of them had normal vision, as determined with the Bausch and
Lomb vision tester (cat. 71-22-41).
Initially students were asked to participate by a member of the staff. Later on vol-
unteers were introduced by students that had participated themselves. They received
R60 (R20 per day) on the last day of their participation in the experiment.
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Figure 4.3.  Illustrarion of- (a derail of) the testing situation at Tilburg University.
It shows the response panel which has been used in all testing situations.
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Tilburg University. Thirty participants (15 male,  15 female) of Tilburg University
participated in the experiment. Most of them were first year psychology students for
whom participation in experiments was part of the curriculum. Three participants were
paid  volunteers.  The  age  of the participants ranged  from  18  to 27 years  (mean= 20.2,
sd = 2.2) and all of them  had had at least 12 years of schooling.  All participants had  nor-
mal or corrected-to-normal vision, as determined by a Landolt chart (Instituut voor
Zintuigfysiologie RVO-TNO, Soesterberg). Twenty two participants were right-hand-
ed and eight participants indicated to be left-handed.
Stimuli
The basic stimulus material consisted  of 16 simple geometric figures, which  are
illustrated in Figure 4.4. In each task, except task B' (see below), elements from this
basic stimulus set were used. The tasks and stimuli were derived from a test battery
developed at Tilburg University by Van de Vijver, called TAART (Tilburgse Allochrone
Autochcone Reaktietijd Test; Helms-Lorenz, in preparation; Helms-Lorenz & Van de
Vijver, 1995; Van de Vijver & Willemse, 1990). The stimuli for task B' were characters
from a subset  of  16 symbols of the  WordPerfect  box drawing character set (number  3;
see Figure 4.5). In their original format the tasks, more specifically the spatial posi-
tioning of the stimuli and the response procedure, would have caused movement relat-
ed artifacts in the EEG. Thus, to make EEG-recordings during task administration pos-
sible adaptation of the taSks was necessary.
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Figure 4.4. Stimulus set TAART. Figure 4.5. Stimulus set task B'
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Tasks
General.  In all tasks four stimuli were presented, arranged in a square with a cen-
trally located fixation point. The participant had to indicate the position of the target
stimulus by means of pressing one of four response butIOnS, which were located in a spa-
tial corresponding position. Responses were made with the index and middle finger of
both hands, which were resting on the buttons during the tasks. The position of the car-
get varied randomly over the four positions. In all tasks participants were instructed to
respond as fast as possible while making a minimum number of mistakes.
The inter-trial interval varied between 2000 and 3000 milliseconds. At trial onset
the fixed timing of the trial started. The fixation stimulus, a small grey square,
appeared 500 milliseconds after trial onset. The stimulus display was presented 1000
milliseconds after appearance of the fixation point (i.e., 1500 milliseconds after trial
onset). The maximum presentation time of the stimuli and the maximum response time
were task dependent (see below). If participants responded before the end of the maxi-
mum response time, the stimuli were "covered", that is, all squares turned grey. The
timing of the trials during training and experimental blocks was identical. The trial
ended 500 milliseconds after the maximum allowed reaction time.
Task A. In this task three black squares and one white square, the target, were pre-
sented (see Figure 4.6). The participant was instructed to preSS the button correspond-
ing to the position of the white square. Maximum stimulus presentation and response
time was 500 milliseconds.
Figure 4.6. An example of a stimulus display of task A.
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Task X. The stimulus display of task X consisted of three identical figures and one
different figure, the "odd-one-out", which WaS the target. The participant had to iden-
tify this odd-one-out and indicate as quickly and accurately as possible its position by
pressing the corresponding response button. For this task all figures of the basic stim-
ulus set were used both as targets and non-targets. The maximum response time, and
thus the maximum stimulus presentation time, was  1500 milliseconds. An example of
task  X is shown in Figure 4.7.  On  the  first  and the second  day a block  of 100 trials of
this task was administered during a training session as described below in the procedure.
H
H
Figure zi.7. An example of a s[imulus display of task X.
Task B.  For task B participants had to memorize four target figures which were a
subset of the 16 basic geometric figures (see Figure 4.4). The targets were the squares
with a 1/, white and a '/, black surface. Each trial required the participant to identify as
quickly and as accurately as possible one of the targets among three non-target stimuli,
and to press the button corresponding with the position of the target. The non-target
stimuli  were  three  randomly  selected  elements  of the remaining 12 figures  from  the
basic set of geometric figures. Figure 4.8 is an illustration of task B. The maximum
stimulus presentation and response time was  1500 milliseconds. A block of 100 train-
ing trials of this task was administered during the training sessions on day 1 and 2, as





Figure 4.8. The memory set and an example of a stimulus display of task B.
Task B' This task is identical to task B. but the targets were four figures from the
alternative stimulus set (see Figures 4.5 and 4.9). The remaining 12 characters from the
subset were non-targets.
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Figure 4.9. The memory ser and an example ofa stimulus display of [ask B'.
Task C. In this task participants had to make a combination of stimulus elements
to find  the  target stimulus (see Figure 4.10).  Specifically, the participant  had  to indi-
cate which of four stimuli was complementary in terms of black and white surface to a
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fifth stimulus which was presented concurrently at the position of the fixation dot. As
can be seen in Figure 4.4 some of the stimuli are identical except for their orientation.
As mentioned in Chapter 2 (cf. the section on perception) previous research with fig-
ures like those of the Kohs block test of the Wechsler intelligence scales (Der gowski,
1972, 198Ob; Jahoda, 1978; Serpell, 197la, 197lb) suggests that this might lead to
confusion in non-Western participants. In Jahoda's study Ghanian schoolchildren more
often than their Scottish counterparts ignored orientation when they reproduced the
patterns. To avoid such confusion in the present task, the complementary form was only
presented among the surrounding stimuli in the correct orientation. Thus, figures iden-
tical to the target in form but different in orientation were never used as non-target in
a trial. The maximum presentation and response time was 2500 milliseconds. During
the training sessions on the first: and second day, described below, a block of 100 trials
of this task was administered.
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Figure 4.10. An example of a stimulus display of[ask C.
Task D.  In task D four Stimuli were presented at equal distance from the fixation
position (see Figure 4.11). Three of them could be put together to form a white square
without any overlap. The task of the participant was to identify the one figure that did
not fit in this puzzle, and press the corresponding response button as quickly and accu-
rately as possible. The maximum presentation and response time was 4500 millisec-
onds. In addition to the experimental administration a block of 10() trials was part of
the training on day 1 and 2 as described below.
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Figure 4.11. An example of a stimulus display of task D.
Additional tests. To obtain a measure of the IQ score of the participants the Raven
Standard Progressive Matrices (1938) were administered. Initially a computerized ver-
sion was administered, but after the discovery of technical irregularities, namely the
imposition of a (too stringent) time-limit by the computer, the paper-and-pencil ver-
sion was administered. This resulted in nine incomplete test administrations in the
group of unschooled participants that were omitted from analysis.
Apparatus
The experimental configuration consisted of an Olivetti  PC 486 SX 33MHz. Hard-
ware functions were extended by a Keithly CTM05 timer-counter board, a 3T PS 1100/
UBA 11-channel amplifier, and a custom made response panel. The response device
consisted of a wooden panel with four response buttons that were approximately 5 cm
apart and positioned in a square, corresponding with the stimulus display. Software to
integrate both stimulus presentation, response recording, and physiological data col-
lection was developed at Tilburg University. In addition to reaction times and errors,
eye movements (EOG), brain activity (EEG)1'.
EEG-activity was recorded during task performance with Ag-AgC1 electrodes
attached according to the 10-20 system (Jasper, 1958) at positions Fz, Cz, Pz, Oz, (3,
C4, which were referred to linked mastoids. An EEG-epoch started at the beginning of
13 Also heartbeats (i.e., Inter Beat Intervals) were recorded, bu[ these have not yet been analyzed.
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a trial and continued 500 msec after the maximum response time. EOG-activity was
recorded from six electrodes at the outer canthi and infra- and supra-orbital of both
eyes. Resistance was kept below 5 and 30 kOhm for EEG- and EOG-electrodes respec-
tively". During the training sessions of day  1  and 2  no EEGs were recorded.
All signals were first amplified online by a factor 50 and subsequently filtered
high-pass with a time constant of 5 seconds for the EOG- and EEG-signals. Next, the
signals were, also online, amplified by a variable factor. Default settings were 5000
(200BV/V) for the EOG-channels, 10000 (100BV/V) for Fz, and 20000 (5011V/V),for
the other EEG channels. A lower amplification setting was chosen for Fz to minimize
out of range values because of interfering EOG-activity (i.e., blinks). If necessary, that
is, when too many out-of-range values were recorded, settings were changed. Before the
signals were digitized they were low-pass filtered at 30 Hz for the EOG- and EEG-sig-
nals, respectively. Sampling frequency was  128 Hz.
Procedure
Screening. Prior to the experiment participants were tested for visual acuity and
their EEG was screened for abnormalities in both South African groups".During the
screening EEG-activity from leads Fpl, Fp2, C3, (4, T3, T4,01,02 (10-20 system;
Jasper, 1958) referred to linked mastoids was recorded during two minutes of rest with
eyes closed, followed by recording with eyes open and shut over periods of about ten
seconds. Finally EEG-activity was recorded during hyperventilation with eyes closed for
3 minutes and 2 minutes post hyperventilation. Objective of this short screening pro-
cedure was to exclude persons with obvious EEG abnormalities.
From the unschooled participants the incidence of abnormal EEGs was rather high.
Six volunteers were not allowed to participate in the experiment because their EEGs
were considered to be abnormal during the screening. In the group of students from
Venda University none of the volunteers were rejected on the basis of the screening
EEG. Nevertheless, the EEG from one participant appeared to be abnormal during the
experiment. The data from this participant were excluded from further analyses. The
Dutch volunteers were screened before participation by means ofa health questionnaire.
None of them had to be rejected. Visual acuity was assessed on the first testing day.
14 In South Africa the researchers from the Institute for Behavioural Sciences of the University of South
Africa (UNISA) recorded with their own equipment on rhe first and the lasi day from electrodes at the
positions. Fpl, FPZ, (3, Czi, T_J, T#, PJ. P4, which were referred to linked mastoids. EEG was recorded
continuously during the tasks using a separate set of- electrodes, amplification and recording system as part
of a study on coherence of EEG activity.
15 Initially this was done on the first testing day. Later the screening session was separated from che expe-
rimental sessions to reduce the chance of delay in the testing procedure if volunteers did not fulfill the cri-
teria. An advantage of this change in procedure was [hat participants could get used to the experimental
situa[ion and electrodes before the rests were administered.
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Tbe first day. After attachment of the electrodes a general instruction was given
followed by administration of the tasks in the order they have been described earlier (A,
X, B, B', C, D).  Each task was explained prior to administration with  the help of 12
practice trials. If necessary, the instruction was repeated until the participant under-
stood the task, that is, if they could make the practice trials without errors. To facili-
tate the explanation of tasks C and D sometimes paper examples of the stimuli were
used. In the group of unschooled participants these had to be used quite often and for
the more difficult taSks the instruction and practice trials usually had to be repeated
two or three times. The consequence of this emphasis on comprehension of the tasks
was that: in a few cases it took up to 45 minutes to explain task D. During administra-
tion of the tasks it was checked whether too many errors were made. Occasionally a
block of trials, particularly of the simplest task, had to be administered a second time
in the sample of rural South Africans to obtain a (minimally) sufficient number of cor-
rect trials for the analyses.
An experimental block of trials consisted of 80 trials preceded  by 12 practice tri-
als. Practice trials were self-paced and are not included in the analyses, that is, they were
used for instruction purposes only. One block of experimental trials of all taSks was
administered on the three subsequent testing days. In addition the participants were
trained in tasks X, B, C and D on the first and the second day. A training session con-
sisted of the administration ofa block of 100 trials of task X, followed by similar blocks
of trials of tasks B, C, and D. As in an experimental session a training block was pre-
ceded  by 12 practice trials.
The sequence in which the tasks were administered was identical on all three days,
in the order of increasing cognitive complexity (A, X, B, B', C, D for the experimental
sessions, and X, B, C, D for the training sessions). The reason for administration in this
order on the first day was to facilitate the explanation of the tasks, particularly for the
illiterate participants. On the second and third day the tasks were also administered in
this logical order to maintain, per task, a comparable level of exposure to the stimulus
material across participants and samples.
During task administration the responses and signals were screened online for errors
and artifacts. Occasionally, if too many errors were made, a task was administered again.
Additionally, in all testing situations the experimenter could closely observe, and if nec-
essary correct, the participant's behaviour because they were sitting in the same room.
EOG-trial.  In the experimental sessions each block was preceded by an EOG-trial
which was necessary to calculate the correction factors in the EOG-correction procedure
(Van den Berg-Lenssen, Brunia & Blom, 1989). In such a trial a dot was presented at
12 fixed positions of an imaginary cross. The task of the participant was to track the
dot with his eyes without moving his head. The order in which the dot appeared at the
various positions was counterbalanced over tasks and participants. Each dot was pre-
sented for 1500 milliseconds. Total duration of the trial was 18000 milliseconds.
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After the completion of the experimental part of the session electrodes were
removed and participants were given a break of about  10 minutes before the training
session started.
Tbe second by.   For the RT taSks a similar procedure was followed on the second
day. The Raven Standard Progressive Matrices were administered on the second and/or
the third day.
Tbe tbird day. Only the experimental part of the RT tasks was administered on the
third day and possibly the Raven. After completion of the last test participants received
their payment.
Data reduction
Reaction times. Only reaction times of correct responses were analysed. Consequently,
the following responses were labelled as errors and excluded from further analyses:
a) Early responses before presentation of the stimuli.
b) Late responses. Button presses after the stimuli disappeared from the screen.
c) Wrong responses.
d) Multiple button.
Event-related potentials general. To obtain EEG records without contamination of eye
movements, blinks or other artifacts a data reduction procedure in several steps was fol-
lowed.
First, the EEG-data were corrected offline for EOG-activity using a method from
Van den Berg-Lenssen et al. (1989), which is based on an autoregressive model to
describe the EEG. For each participant the parameters describing the relationship
between EEG artifact and EOG activity were derived frOm the so-called EOG-trial,
described earlier.
Secondly, the data were filtered digitally using a 63-point finite impulse response
high pass filter,  -3  dB cutt-off frequency  1.81  Hz, to remove  the  slow  wave  activity
caused by sweat glands and other irrelevant slow wave EEG activity.
Thirdly, artifacts caused by, for example, muscle activity, drift or movements had
to be removed. To this end an automatic procedure was followed in which trials were
rejected that did not meet preset criteria. First, only for artifact detection, the signals
were digitally low-pass filtered at 2 Hz. Secondly each channel was checked to ensure
chat the difference between minimum and maximum voltages did not exceed 7OBV
Thirdly, the non-baseline interval was divided into four parts of equal length and in
each interval the maximum amplitude with respect to baseline level was not allowed to
exceed 4051V. Finally, the channels with EEG-activity were checked for electrostatical
spikes, that iS, the difference in voltage between two sample points should not exceed
2OOp.V. In most of the cases this voltage difference was less than 5051V
Most often trials were rejected because of movement related artifacts, either
because participants had moved or because muscle tension interfered with the EEG-sig-
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nals which resulted in electrostatical spikes. Particularly for the unschooled participants
it proved to be more difficult to sit still and/or relaxed.
P3-latencies. The peak latency of the of the P3 was scored with an adjusted version
of the adaptive filtering method of Woody (1967). The objective of the Woody proce-
dure is to find a wave or component (e.g., ERP) covered by background EEG while the
temporal variability of the signal (latency jitter) is taken into account. In the present
study a template (based on an average) was shifted from left to right within a prede-
fined time window across single trial ERPs Until there was a maximurn amount of
agreement, that is, correlation. If the correlation exceeded the criterion of.5 a trial was
labelled as containing the component defined by the template. The main difference
with Woody's original procedure was that only one iteration was performed, which
according to Wastell (1977) reduces the risk that the template is aligned to the back-
ground noise instead of the single trial ERR
To allow  for both a comparison  of groups and testing days  and for an accurate scor-
ing of the P3, a template was calculated for each task in the present study. Specifically,
the stimulus-locked averaged waveform over the three groups and three testing days
served as template  for a specific task. Table 4.1 shows the edges  of the templates  and
the search windows. The start and end of the template were determined by visual
inspection. A larger shift to the right than to the left was allowed to avoid an erroneous
alignment of the template to the earlier occurring P2.
Prior to the alignment procedure both template and data were filtered, using
twoscep (lowpass filter; Ruchkin & Glaser,  1978) with 3dB cutoff frequency  5.67  Hz.
The P3 was searched for at Pz where the component is known to have its maximum
amplitude (Donchin et al., 1978).
Table 4.1. Starr and end of template (relative [o stimulus presentation) in milliseconds and the search win-
dow used for detection of the peak of the P3 in single trials.
Task                          A                X                B                B'               C                D
template
start 260 340 300 400 325 360
end 475 640 610 675 650 560
search
window -50,50 -50,200 -50,200 -50,200 -30,200 -50,200
LRP   LRP's were computed by a double subtraction method (De Jong et al, 1988;
Smid, Mulder & Mulder, 1990). After the general data reduction procedure averages of
(correct) left-hand and (correct) right-hand responses were computed for each partici-
pant separately. Then,  for each hand the waveforms of electrode lead C4 were subtract-
ed from those of C3. Subsequently, the resulting left-hand response-waveforms were
subtracted from the right-hand responses. Summarized: [((3 - C4 right-hand) - (C3 -
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C4 left-hand)]. Both stimulus- and response-locked signals were computed. Since the
individual LRP-waveforms contained too few trials (see Result section in Chapter 6) to
score LRPs on single subject level group, averages were used for computation of the
LRP-onset. Consequently statistical testing of group differences was not possible.
With respect to scoring LRP-onset there is no agreement among researchers about
the best procedure (see for example Miller, Patterson, Ulrich, 1998; Smulders,
Kenemans & Kok, 1996). In the current investigation the procedure of Band (1997),
who used a criterion of 20% of the peak level as criterion for the LRP-onset, was used.
The rationale for this criterion is chat effects before the start of initial activation of
responses are of interest, but that the noise of the early onset of the signal should be
avoided. The 20%-criterion is assumed to be relatively insensitive to variability in the
signal prior to LRP-onset, but at the same time sensitive enough to detect effects pre-
ceding response activation. So, after the signals were smoothed the peak of the LRP was
searched within the specified time window (see Tables 4.2 and 4.3).These time windows
were determined per task (pooled over days and groups) through visual inspection.
After localization of the peak the 20% criterion was determined, both forward and
backward. In general the difference between forward and backward search was only one
sample. The average of the two estimates was taken as the latency. It should be noted
that the scoring procedure was applied to an averaged waveform only if visual inspec-
tion clearly indicated the presence of an LRR As a consequence, it was not possible to
score a stimulus locked LRP for all groups in all conditions.
Table 4.2. Time windows in milliseconds (relative to stimulus presentation) used for scoring stimulus-
locked LRPs.  * For task D no LRPs could be scored.
Task                             A                  X                 B                  B'                 C                 D
window
start                             0                  50                 0                  50                50                -*
end 400 600 550 600 750 -*
Table 4.3. Search windows in milliseconds used for scoring response-locked LRPs. Note, that the end of
the window corresponds to the moment of response.
Task                             A                 X                 B                  B'                 C                 D
window
s[art -500 -70() -500 -650 -750 -750
end                              0                  0                  0                  0                  0                  0
Analysis techniques
The main statistical analyses were ANOVAs with a within-participants repeated
measures design. The betu'een subject factor was (cultural) group, the within participants
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factors were tasks and days. Within participants effects (i.e., tasks and days) were cor-
rected with the Greenhouse-Geisser Epsilon procedure to avoid problems caused by vio-
lation of the sphericity assumption. The p-values are Greenhouse-Geisser epsilon
adjusted, but unadjusted degrees of freedom and F-values are reported. The 712 report-





The goal of the present study is the localization of cross-cultural differences in RT
on simple cognitive tasks, by means of psychophysiological indices of information pro-
cessing. Before the focus can be shifted to this issue two points have to be addressed.
The first point is validation:  that is, are the patterns of cross-cultural differences in RT
found in previous studies replicated in the current investigation? The second issue con-
cerns the effects of increased familiarity with the stimulus material on cross-cultural
differences in RT The question is whether repeated exposure and training with the
stimuli lead to smaller cross-cultural differences.
The first hypothesis concerns the validity of the RT results. A replication of the
pattern found in previous cross-cultural studies is anticipated. More specifically we
expect that:
la) Western students will respond faster than non-Western illiterate participants, while
non-Western students will take an intermediate position.
b) Differences in RTs between groups will increase with cognitively more complex tasks.
c) Earlier reported effects of training will be replicated (see also hypothesis 2b).
The second hypothesis concerns  the effects of stimulus  familiarity on cross-cultur-
al differences in RT An increase in familiarity with the stimulus material was induced
by repeated exposure and explicit training of the tasks. In addition, the influence of
stimulus familiarity was investigated by administration of an isomorphic task (i.e., sim-
ilar task but with different stimulus content). We expect that:
2a) Training with the stimulus material will result in faster RTs in all groups and for
all tasks with the specific stimulus material.
b) Effects of increased familiarity will be larger as tasks become more complex, that is,
the reduction in RTs over days of testing will be larger for more complex tasks.
c) Groups with less previous exposure to the type of task (and slower RTs) will gain rela-
tively more from training. More specifically, the training effects will be larger for the non-
Western groups with the largest effects for the non-Western illiterate participants. In fact,
hypotheses 2 a and b also can be regarded as replications ofa pattern of effects found in pre-
vious cross-cultural studies on RTs (e.g., Van de Langenberg, 1989; Van de Vijver, 1993).
Since it is assumed that the effects on RT are largely determined by an increased
familiarity with the stimulus material and not so much by an increased familiarity with
the task setting and procedures, we expect that:
d) The reduction of RTs over days will be smaller in the isomorphic task, because the
effects of increased familiarity will be mainly restricted to the stimulus material of the
tasks that are trained.
The third set of hypotheses concern the ERPs. Because stimulus related processes
(i.e., relative stimulus evaluation time, as indexed by the latency of the P3) are thought
to be largely responsible for the effects of the RTs, a pattern of effects similar to that of
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the RTs is anticipated for the latency of the P3. Thus, we expect that:
3a) the P3-latencies of Western students will be shorter than those of non-Western illit-
erate participants, with an intermediate position for non-Western students.
b) The peak latency of the P3 will occur later as tasks become cognitively more complex.
c) This effect will be largest for the non-Western unschooled participants, while non-
Western students will take an intermediate position.
d) The P3-latencies will decrease with repeated exposure to the stimuli.
e) The reduction of the P3-latency will be largest for non-Western illiterate participants
with an intermediate position for the non-Western students.
With respect to the LRPs a distinction is made between stimulus-locked LRPs,
which are regarded as time marker of stimulus-driven response selection, and response-
locked LRPs, as index of the lateralized part of cortical motor activity. However, as has
been described in the Method section only group averages could be computed for the
LRPs and consequently statistical testing proved to be impossible. Therefore, only gen-
eral and explorative hypotheses are formulated for the LRPs. We expect that:
D The pattern of latencies of the stimulus-locked LRPs, will be parallel to that of the
RTs and P3-latencies.
g) The pattern of latencies of the response-locked LRPs will not show cross-cultural dif-
ferences or training effects. The rationale for this hypothesis is identical to that of
hypothesis 2d and is described above.
Though not the main focus of the present study, the data offer the possibility of
additional analyses of IQ, of correlations between IQ and RT, between IQ and P3-laten-
cies, and between RTs and P3-latencies. The correlations between IQ and RT, and
between IQ and P3-latencies are of interest for comparison with results of similar analy-
ses of, for example, Jensen (1998) and McGarry-Roberts et al. (1992).
With respect to IQ, as indexed with the Raven Standard Progressive Matrices, we
expect that,
4a) the highest scores will be obtained by Western students, and the lowest scores by
unschooled participants. Consequently, intermediate scores are anticipated for non-
Western students.
In line with the hypotheses formulated above, we further expect that:
b) The correlations between IQ and RTs will be negative, that is, high IQ scores will be
accompanied by short RTs and vice versa.
c) Negative correlations will be found between IQ and P3-latencies. Thus, that short
P3-latencies will be associated with high IQ scores.
d) Correlations between RTs and P3-latencies will be positive, which is a logical conse-
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Screening of the data
Missing data.  Due to technical failures eight participants had incomplete data
records. For three participants the data of one block, for another three participants the
data of two blocks, and for two participants the data of three blocks, out of a total of
eighteen blocks of trials (six taSks over three days), were missing.
To obtain a complete data matrix, missing RT values were estimated by means of
regression.  If, for example,  the data of an unschooled participant for the first day of task
B were missing, a regression equation was computed for the group of unschooled par-
ticipants with the mean RT on task B of the first day as dependent variable and the
mean RT on task B of the second and third day as prediciors. Thus, the regression equa-
tion served to estimate the missing mean RT of the first day on the basis of the perfor-
mance on the second and third day.  If for a participant the data of two out of three days
were missing a regression equation was calculated on the basis of one predictor.  In one
case the data of all three days were missing, thereby prohibiting a meaningful estima-
tion of missing values for this participant for this specific task. Consequently, this par-
ticipant was excluded from analyses involving this task.
Outliers. First, for each task the RT distribution was checked for extremely early
(< 100 ms after stimulus presentation) correct responses. In one task RTs of six and thir-
teen milliseconds were found, which were replaced by missing values. Secondly, it was
checked whether the proportion of the fastest correct versus fastest wrong responses was
above chance level. If the fastest RTs consisted of many more (2 75%) wrong responses
than correct responses this would be an indication that: these fast correct responses were
just "lucky guesses'. In none of the taSks were indications for guessing found; even the
fastest correct responses largely exceeded the criterion of chance level.
Normality Screening of the frequency histograms, normal and derrended normal
probability plots of the RTs per task, day and group revealed no gross deviations from
normality. This may seem a somewhat unusual finding for RT-data which usually have
a distribution skewed towards the slower RTs, but it should be noted that the upper tail
of the distribution was curtailed by the limits imposed on the response time of the var-
ious tasks. In addition, the size of the samples was large enough to provide an F-test
that is robust to violations of normality
Errors
A potential threat to the interpretation of RT data is the proportion of errors. In
RT tasks participants can trade-off- speed at the Cost of accuracy (e.g., Pachella, 1974;
Pew,  1969). A small increase in the number of errors can lead to a substantial decrease
in RT. Reduction of the number of errors to (virtually) zero can lead to a strong increase
in RTs, particularly in a more complex task. If groups differ with respect to this trade-
off a valid comparison of the RTs becomes complicated. Even though only correct RTs
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Figure  6.1. Mean frequency of errors  per task  for  the unschooled South Africans  (SA-IL), the South African
students (SA-US) and the Dutch students (NL-US). Note, char per task a block of 80 trials was presented.
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are analysed, it is important to investigate the possibility of differences in speed-accu-
racy trade-off.
Group effects. When all error categories (see Method section in Chapter 4) were
taken together, an overall ANOVAa with 77 participants (participants with incomplete
data records were excluded) revealed a significant difference between groups in the
number of errors (F(2,74) = 37.57, p < .001, 71 = .504). As is illustrated in Figure 6.1
and Table 6.1 the unschooled South African participants made most errors followed by
the South African University students, while the Dutch students made the fewest
errors. In combination with the RTs (see Figures 2 and 3), which will be discussed later,
this pattern of group differences is not in agreement with the pattern that would be
expected if these results were a consequence of differences in the trade-off between speed
and accuracy. In this study participants with slower RTs also made more errors and fast
participants made fewer errors, whereas a speed-accuracy trade-off is characterized by an
inverse relationship, that is, slow participants make few errors and fast participants
make a lot of errors. This makes it highly implausible that the intergroup differences
in RT are determined by the effects of a differential speed-accuracy trade-off.
Table 6.1. Mean numbers, percentages and Standard deviations of errors per task and day, and percentages
of errors per subcategory for che unschooled South African (SA-IL), the South African students (SA-US),
and [he Dutch students (NL-US).
wb* CO* er*      nlb*
mean              %             sci (%) (%) (%) (%)
A1
SA-IL  34 (43%) 12   2 87 1 10
SA-US 21 (27%)             11                              1              86                0             13
NL-US 9 (12%) 8   9 84 0 7
A2
SA-IL 18 (23%)             11                             0              96                1               3
SA-US                     10 (1 3%)              8                             0              87                0             13
NL-US 3          (49)              4                            13              73                0             14
A3
SA-IL  16 (20%) 11   1 93 1 5
SA-US 7          (9%)              5                             2              96                0               2
NL-US 3         (4%)             3                         11             74              0            15
X1
SA-IL 18 (239)             10                           55              33                1             11
SA-US 9        (11%)              5                           45              44                1             10
NL-US 3          (3%)              2 73 26        0        1
* wb = wrong button, to = time out, er = early response, mb = multiple buttons.
16 Statistical analysis of the numbers of errors proved to be difficult, because of che many records without
any error. For this reason, analysis with loglinear models turned our to be impossible.
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Table  6.1.  Continues
wb* to* er* mb*
mean              % sd (%) (%) (%) (%)
X2
SA-IL 8         (10%)              6                           49              38                0             13
SA-US 6         (7%)             5                         41             51               2             6
NL-US 2         (3%)             2                         81             15               0             4
X3
SA-IL 5          (6%)              4 65 27         0        8
SA-US 4         (4%)             4                         57             36              0             7
NL-US 2         (3%)             2                         88              6               0             6
B1
SA-IL 9         (11%)             10                           52              29                1             18
SA-US 4          (5%)              6 43 28         0       29
NL-US 1          (19)             1                         76            24              0             0
B2
SA-IL 2 (2%)              2                           63              27                 1               9
SA-US 1            (2%)                2                               37               23                  1               39
NL-US 1           (2%)              1                            52              13                0             35
B3
SA-IL 2         (2%)             3 53 30         4       13
SA-US 1           (1%)              1                            43              37                3             17
NL-US 1            (1%)                1                               72                11                  0               17
B'I
SA-IL 9          (11%)              10                              73                12                  3               12
SA-US 2         (3%)             2                         61             24              0            14
NL-US 2         (3%)             2 76 17         0        7
B'2
SA-IL 4         (5%)             8 63 14         3       20
SA-US 1          (2%)             2 43 19        4       34
NL-US 2          (2%)              2                           80              12                 1               7
8'3
SA-IL 4         (5%)           10                         58              9             10           23
SA-US 1           (2%)              2                           55                6                0             39
NL-US 2          (2%)              1                            70              17                0             13
C1
SA-IL 19 (24%)           14                         44             52               0             4
SA-US 7          (8%)             11                            39              50                2             19
NL-US 2         (3%)             2 65 33         0        2
C2
SA-IL 8        (10%)           12                         41             38               2            19
SA-US 2          (3%)              2 49 31         1       19
NL-US 1           (2%)              1                            75              14                0             11
* wb = wrong button, to = time out, er = early response, mb = multiple buttons.
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Table 6.1. Continues
wb* CO* er*           mb*
mean                g               sd                             (St ) (%) (g) (g)
C3
SA-IL 5 (69)                6                               37                50                  4                9
SA-US 2     (2S)       2              27       33        7       33
NL-US 1 (29)               1                            85                5                0             10
D1
SA-IL 29 (3654 )      16             70       24        1       6
SA-US 12 (159)              9                            59              39                0               2
NL-US 3          (4(4)              2                            87              13                0              0
D2
SA-IL 13 (169)             14                            73              14                4               9
SA-US 4            (57)                4                               69                10                 0              21
NL-US 2            (39)                2                               90                 7                  0                 3
D3
SA-IL 8                 (109)                          11                                                        8 1                             1 2                                0                              7
SA-US 3     (39)       2              78        1        2       19
NL-US 3    (49)      2            94       3       0      3
* wb = wrong button, to = time ou[, er = early response, mb = multiple buttOnS.
As  can  be  seen in Table  6.1  there were substantial differences between groups  in
the numbers of errors. Particularly on the first day relatively a lot of errors were made
by the unschooled participants on tasks A and D. This is not surprising given their
inexperience and unfamiliarity with the tasks and task setting. However, for each par-
ticipant a minimum  of 21 valid trials remained for computation  of the average  RT,
which WaS taken to be sufficient.
The differences between groups in the number of errors were task dependent, as
indicated by a group by task interaction (F(10,370) = 14.98,p < .001, E - .65727,7
= .288). Further analyses showed that the group differences were significant for each
task on all days, except for task B and B' on day 2 and day 3 (cf. Table 6.2). Possibly
this is related to the task characteristics of task B and B: These taSks are analogous to
consistent mapping tasks (Shiffrin & Schneider, 1977; Sternberg, 1969a), which are
characterized by a change from controlled to more automatic and relatively effortless
performance after training and repeated exposure.
Task effects. On some  tasks  more  errors  were  made  than  on  others  (F(5,370)  =
89.42, p <.001, E= .65727, 4' = . 547). Tests of simple effects showed that the task
effect was present in each group (unschooled participants: F(5,370) = 73.23,p < .001,
4-- .494; South African students: F(5,370) = 34.05, p < .001, 7     .315; Dutch stu-
dents: F(5,370)= 3.89,p<.01, E = .65727, 4-'- .050).
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As  illustrated in Figure 6.1 and Table 6.1, most errors were  made on  the simplest
task (A), particularly by the unschooled participants. For all groups the largest propor-
tion of the errors were due to a failure to respond within the time limit. During the
experiment the time limits for task A turned out to be rather sharp. For the other tasks
the number of errors was higher for more complex tasks, primarily because of a larger
proportion of wrong button presses (cf. Table  6.1).
Table 6.2. Oneway-ANOVAs for group effects for the numbers of errors per task and day.  A 1  refers tO the
effect of group on the first day of task A, A2 to the second day of task A etc.
Task             #               F                      4
Al 2,82 40.39*** .496
A2 2,82 25.96*** .388
A3 2,82 24.93*** .378
X1 2,82 38.09*** .482
X2 2,82 12.95*** .240
X3 2,82 4.43* .098
Bl 2,81 10.34*** .203
B2 282 .86 .020
B3 2,82 1.44 .034
B'l 2,80 11.42*** .222
B'2 2,82 2.56 .059
B'3 2,82 2.09 .048
Cl 2,82 20.50*** .333
C2 2,81 8.10*** .167
C3 2,82 7.17** .149
Dl 2,77 33.06*** .462
D2 2,79 13.64*** .257
D3 2,80 6.33** 137
* p 5.05. ** p 5.01,  *** p 5.001
Effects  of repeated exposuret. The number of errors decreased during the three days
of testing (F(2,148) = 153.82, p < .001, 71-' = .675), with the unschooled participants
showing relatively the largest effects (group by day interaction: F(4,148)  =  35.18, p <
.001, E = .74034, 112 = .487). Tests for simple effects showed that the decrease in the
number of errors over days was significant in both South African groups (F(2,148)  =
152.79, p < .001, TY - .674 and F(2,148) = 47.48, p <.001, E = .74034, 4 - .391,
respectively), but not in the group of Dutch students (F(2,148) =  2.41, p =  .109, 6 -
.74034, 4  - .032). Table 6.3 shows a significant interaction of group and day for each
task. Together these results indicate a differential effect of training and/or repeated
exposure for the three groups.
17 Because not all tasks were trained the label repeated exposure was chosen to discuss the effects of the
factor day in the analyses.
g
Table 6.3. ANOVAs for the numbers of errors per rask.
A                                                                                 X                                                                             B
Effect            df           E             F                 11'           df           E              8                  4           df           E              F                V
Group 2,82 45.25*** .525 2,82 29.78*** .421 2,81 879*** .178
Day 2,164 .89501 110.()5*** .573 2,164 78825 62.64*** .433 2,162 .58362 22.04*** .214
Group 4,164 .89501 8.44*** .171 4,164 .78825 2161*** .345 4,162 .58362 9.12*** .184
* Day
B'                                                                                C                                                                             D
Effect           df          E            F                A          df          E             F                 A          df          E             F               Tr
Group 2,80 5.41** .119 2,81 23.11*** .363 2,77 22.08*** .364
Day 2,160 .67162 12.78*** .138 2,162 .83446 41.42*** .338 2,154 .68144 80.84*** .512
Group 4,160 .67162 6.31*** .136 4,162 .83466 17.21*** .298 4,154 .68144 23.20*** .376 9
* Day :
A








Table 6.4. ANOVAs of simple effects per [ask for the number of errors for the unschooled South Africans (SA-IL), the South African students (SA-US) and the Dutch
studenrs (NL-US).
A                                                                  X                                                               B
Effect          af         E          F              4         df         e           p              TY         die           F             Ty
SA-IL
* Day 2,164 .89501 69.54*** .459 2,164 .78825 84.99*** .5()9 2,162 .58362 32.99*** .289
SA-US
* Day 2,164 .89501 43.02*** .344 2,164 .78825 14.87*** .154 2,162 .58362 5.48** 063
NL-US
* Day 2,164 .89501 1().14*** .110 2,164 .78825 .13 .()02 2,162 .58362 .01 .000
B'                                                                        C                                                                     D
Effect         df         e           F              rf         df         E           F              n         df         E           F             Tr
SA-IL
* Day 2,160 .67162 23.46*** .227 2,162 .83446 67.83*** .456 2,154 .68144 79.25*** .507
SA-US
* Day 2,160 .67162 .69 .009 2,162 .83446 3.46* .041 2,154 .68144 33.80*** .305
NL-US
* Day 2,160 .67162 .17 .002 2,162 .83446     .63 .008 2,154 .68144 .15 .002
* p s .05, ** p 5.01, ** p 5.001
00
-
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Further analyses revealed that in the group of unschooled participants the effect of
repeated exposure was significant on all tasks (cf. Table 6.4). In the group of South
African students this effect was significant on all tasks except task B: Table 6.4 also
shows that for the Dutch students the effect of repeated exposure was only significant
in task A. This pattern of results is in line with hypothesis 2 b that participants with
less experience should show greater effects of repeated exposure in their RTs.
Conclusion. The pattern of the number of errors reflects the fact that participants were
not equally experienced in these tasks. At the same time, and more importantly, in combi-
nation with the pattern of the RTs to be discussed these results do not suggest a differential
speed-accuracy trade-off that could explain faster RTs in more literate and schooled groups.
Consequently, no adjustments need to be made for such effects in the analysis of the RTs.
Mean RTs '»
The RT data were analyzed both with and without missing values replaced. The
table in Appendix 2 shows that the pattern of results does not change in any significant
way when missing values are replaced by estimates. It was also checked whether the
pattern of RT results changed if trials were rejected because of EEG-arti facts or the cri-
teria for scoring the P3-latency. As can be seen in the table in Appendix 2 the pattern
of the "P3-matched" mean RTs was virtually identical to that of the "other' mean RTs.
Given this similarity only the analyses of the data set with estimated missing values
will be discussed, since it: is based on the largest amount of data points.
First the results of the tasks with the black and white geometrical stimuli (A, X,
B, C, D) will be presented. Thereafter the influence of stimulus content will be inves-
tigated by comparison of the performance on task B and B'.
Group effects. As hypothesized, the groups differed significantly in the speed of
their responses (cf. Table 6.5). As illustrated in Figure 6.2 the Dutch students respond-
ed fastest, followed by the South African students who were faster than the illiterate,
rural South African participants. Table 6.6, in which the analyses per task are present-
ed, shows that the group effect was present in each task.
Task effects.  Rrs were slower for more difficult tasks (cf. Table 6.5) and as illus-
trated in Figure 6.2 more so for the two South African groups. The task dependent
slowing of RT was present in each group (cf. Table 6.7).
18 In order to choose which measure of central tendency should be analysed the results of- bc,[h median and
mean RTs were compared. As is illustrated in the left half of the table in Appendix 2  the partern of results
for mean and median RTs is identical, with the exception of a significant group by day interaction for the
median RTs. Given (he small size of the effect this discrepancy was not considered to be important. On the
basis of the similarity in the patterns of results the mean RTs were analysed.
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Table 6.5. ANOVA for che mean RTs over the 5 TAART-[asks.
RT
di             E              P               q
Effect
Group 2,81 64.79*** .615
Task 4,324 .31639 1337.56*** .943
Group
* Task 8,324 .31639 31.01*** .434
Day 2,162 .73266 347.16*** .811
Group
.059*Day 4,162 .73266 2.54
Task
* Day 8,648 .21563 138.97*** .632
Group
* Task
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Figure 6.2. RTs per task and day for the 5 TAART-tasks for the unschooled South African (SA-IL),
the South African students (SA-US), and the Durch students (NL-US).
ri
Table 6.6. ANOVAs fur the mean RTs per task.
A                                                            X                                                          B
Effectdf E          F              4         df         e           F              4         4         E           F             n
Gr()up 2,82 57 ()()*** .582 2,82 60.15**I .595 2.82 ;0 <5*** 115
D:ly 2,164 .86915 5219*** .389 2,164 .87325 9064*** .525 2,164 .76043
8445*** . 5().4
Gri,up 4,164 .86915 1() 56*** .2()5 4,164 .87325 .()4 .()()1 1,164 .76013 .85 .()2()
* Day
B'                                                            C                                                          D
Effect         df        €          F             71-        df        E           F             n        df        E          F            q
Grc,up 2,82 18.0 5*** .306 2,82 62.73*** .605 2,81
.44 (19*** .521
Day 2,16-1 ·93517 5793*** .414 2,164 .77441 i 1 4.02*** 792 2,164
.69761 197 49*** .709
n
Gomp 4,16·1 .93157 1.28 .()30 4,164 .77441 i.57** 08(.1 4,164 .69761 4.92** .1(,8       3
* 04
2
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Table 6.7. ANOVAs of simple effects for the mean RTs over the 5 TAART tasks for the unschooled South
African (SA-IL). the South African students (SA-US), and the Dutch students (NL-US).
RT
df             e               F                q
Effect
SA-IL
* Task 4,324 .31639 591.32*** .880
SA-US
* Task 4,324 .31639 536.41*** .869
NL-US
* Task 4,324 .31639 243.72*** .751
SA-IL
* Day 2,162 .73266 100.26*** 553
SA-US
* Day 2,162 .73266 t54.62*** .656
NL-US
* Day 2,162 .73266 9941*** .551
SA-IL
* Day 8,648 .21563 36.42*** .310
* Task
SA-US
* Day 8,648 .21563 85.00*** .512
* Task
NL-US
* Day 8,648 .21563 28.99*** .264
* Task
* p 5.0 ** p 5.01 ** p 5.001
Effects  of repeated exposure.   For all groups performance improved over the three days
(cf. Table 6.5) and this was task dependent (day by task interaction, see Table 6.5). As
suggested by Figure 6.2 the effect of repeated exposure was larger for the South African
groups on the more difficult tasks (group by task by day interaction; cf. Table 6.5), but
no indication for an overall differential effect (group by day interaction) was found. This
pattern of results is further supported by the tests of simple effects, presented in Table 6.7.
As can be seen from Table 6.6, where analyses per task are presented, both the pat-
tern of differences in RTs between groups and the effect of repeated exposure were signi-
ficant in each task. A differential effect of repeated exposure (day by group interaction)
was significant only for the simplest task A and the two most difficult tasks, C and D.
34
Table 6.8. ANOVAs of simple effects mean RTs per task For che unschooled South African (SA-IL), the South African students (SA-US), and the Dutch students
(NL-US).
A                                                        X                                                     B
Effect *lf EF 'y dfE F 4'df EF 11
SA-IL
* Day 2,164 86915 2.22 .026 2,164 .87325 26.86*** .2.17 2,164
. 76(),1 3 35.18*** .3(*)
SA-LIS
*
1)ay 2,164 .86915 10.84*** .I 17 2,164 .87325
32.39*** .283 2,164 .7 (70 14 19.69*** .194
NL-US
* Day 2,164 .86915 10.56*** .438 2,164 .87325 31.92*** .28() 2,164 .76()43
29.58*** .265
B' C D
Effect df e F 4 df E F # df e F r,
SA-IL
* Day 2,16.4 .93517 27.98*** 254 2,164 .87325 130.17***.614 2,164 .76043 51()5***
.387
n
SA-LIS                                                                                                                                                                                                  8
* r)ay 2,161 .93157 12.19*** .129 2,164 .87325 84,03*** .506 2,164
.76043 112.93*** .582 5
NL-lIS 9,
*D 2,164 93157 19.46*** .192 2,164 .87325 103.46*** .558 2,164 .760 3 15.09*** .358     aY
* p 5.()5 ** p E .m ** p 5.001                                                                               
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In general, the improvement in performance over days for these tasks was largest for the
illiterate, rural South African participants, followed by the South African students and
the least for the Dutch students (see Figure 6.2).
Overall the effect of repeated exposure was significant in all groups and in each
group this effect was task dependent (see Table 6.7). Analysed per task the effect of
repeated exposure was significant within each group for each task except for the
unschooled South Africans on the simplest task A (cf. Table 6.8).
Conclusion. The results are a replication of cross-cultural differences that have been
found earlier with these particular tasks (Sonke et al., 1999; Van de Langenberg, 1989;
Verhoeven,  1990). At the same time the results showed the influence of schooling with-
in a cultural population. For the South African participants the task effects and effects of
repeated exposure were more pronounced for the illiterate participants than for the stu-
dents, with the exception of task D on which the difference between the first and the sec-
ond day was larger for the students (see Figure 6.2). If it can be assumed that the level
of schooling of the Dutch students is more sophisticated than that of the South African
students, the pattern of results reflects this influence of schooling on task performance.
Effects of stimulus content
In this section the results of the comparison between the two isomorphic tasks B
and B' are presented. These taSks were identical except for stimulus material as
described in the Method section in Chapter 4 (cf. Figures 1 and 2 in the Method sec-
tion in Chapter 4). In addition, it should be noted that the participants were trained
only in the task with the TAART stimuli (task B) over two days.
Table 6.9. ANOVA for the mean RTs over [ask B and B.
RT
df             E               F                 q
Effect
Group 2,82 7.44*** 401
Task 1,82 552.24*** .871
Group 2,82 5.06** .110
* Task
Day 2,164 .86564 103.84*** .559
Group 4,164 .86564 1.43 .()34
* Day
Task 2,164 .86503 .38 .00 5
* Day
Group 4,164 .86503               .41               .()1()
* Task
* Day
* p 5 .05 **p 5.01 ** p 5 .001
88 Cross-cultural differences
Group effects. Irrespective of the type of stimuli the Dutch students responded
fastest, followed by the South African students, who were faster than the unschooled
South African participants (cf. Table 6.9 and Figure 6.3). Figure 6.3 in combination
with the results of the ANOVAs per task presented in Table 6.6 show that this pattern
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Figure 6.3. Reaction times per task and day for task B and B' for the unschooled
South Africans (SA-IL), the South African students (SA-US), and the Dutch students (NL-US).
Task effects.   The type of stimuli influenced the speed of performance, but more so
for the Dutch students and relatively the least for the South African students (cf. Table
6.9 and Figure 6.3). Tests for simple effects further supported this pattern of task effects
(cf. Table 6.10).1
Effects of repeated exposure. Overall and for each of the two tasks separately perfor-
mance improved over the three days (cf. Table 6.9 and 6.6). Tests for simple effects
showed  that  this  effect  was  significant  in each group (cf. Table 6.10). Contrary  to  the
hypotheses no indication was found for a group or stimulus dependent effect of repeat-
ed  exposure (see Tables  9 and  10).
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Table 6.10. ANOVAs of simple effects for [he mean RTs of task B and B' for the unschooled South Africans
(SA-IL), che South African students (SA-US), and [he Dutch students (NL-US).
RT
4              E               F                F
Effect
SA-IL
* Task 1,82 179.2()*** .686
SA-US
* Task 1,82 128.81*** .611
NL-US
* Task 1,82 257.23*** .758
SA-IL
* Day 2,164 .86564 46.79*** .363
SA-US
* Day 2,164 .86364 22.91*** .218
NL-US
* Day 2,164 .86564 35.81*** .304
SA-Il
* Day 2,164 .86503 .08 .001
* Task
SA-US
* Day 2,164 .86503 .79 .010
* Task
NL-US
* Day 2,164 .86503 .33 .004
* Task
*ps .05**ps .01 ** p 5 .001
Conclusion. Performance was in fluenced by the kind of stimuli presented, but con-
trary to the hypotheses effects of repeated exposure were not stimulus and/or group
dependent. So, no support was found for the idea thar cross-cultural differences in RT
will change under the influence of shifts in the relative  familiarity with the stimulus
material, that: is, stimulus-related processes.
The fact that only an overall, and no stimulus dependent, effect of repeated expo-
sure was found suggests that repeatedly administering task B may have been equally
beneficial to performance on task B'. Stated differently, there appears to have been a
transfer of exposure effects. The present study lacks an untrained control group and this












Figure 6.4. Grand average ERP-waveforms from the un<hooled Sou[h African participants (SA-IL),
the South African students (SA-US), and the Dutch students (NL-US)
at all electrode positions for task B on the first testing day.
ERPs
Figure 6.4 illustrates that the ERPs for task B in the three samples showed a con-
sistent pattern of peaks and troughs at all electrode positions. The large positive peak,
labelled P2, was most conspicuous at the frontal (Fz) and central locations (Cz, (3 and
C4). The negative peak, labelled as N2, was seen most clearly at the parietal position
(Pz), and in the group of South African students also at the occipital position (Oz). In
the tWO other groups this peak probably is part: of the large negative peak at OZ. The
slightly curved descending slope of the negative peak at Oz, which is clearest for the
Dutch students, is compatible with this suggestion. The peak recognized as the P3
showed the largest amplitude at the parietal position (Pz). For the other tasks and test-
ing days such patterns of ERPs were also found.
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P3-latencies
Correction of P3-latency scores. The data reduction of the EEG data in general and
scoring of the P3 in particular have been described in the Method section in Chapter 4.
In addition, it was checked whether enough trials were left for computation of the aver-
age. If the averaged P3-latency for a participant on a certain task and day had to be cal-
culated over less than ten trials it was labelled as a missing value and excluded from the
analyses. The criterion of ten trials was chosen to obtain sufficiently reliable averages.
Overall, one average contained less than ten trials and was consequently replaced by a
missing value. If the average P3-latency score contained ten to twenty trials the laten-
cy was corrected by means of a weighted estimation procedure based on regression,
which  will be illustrated with the following example. Suppose that  there were 18 trials
for task A on the first day. For the correction procedure, first the P3-latency of task A
on the first day was estimated by means of regression based on the P3-latencies of task
A on the second and third day (provided that these averages contained at least twenty
trials for this participant). Then a new, weighted, average was calculated by summation
of 2/20 of the regression estimation  value and  18/20 of the average over 18 trials.  This
correction procedure had to be applied to ten entries in the data matrix.
It should be noted that in contrast to the mean RTs, described in the previous section, P3-
19latency data that were missing because of technical failures were  not estimated   .  This result-
ed in a data-matrix with sixteen empty cells out of 1530 (6 tasks x 3 days x 85 participants).
In the following subsections the results of the peak latency of the P3 for the five
tasks with geometrical figures are discussed.
Table 6.11. ANOVA for the P3-latencies over the 5 TAART taSks.
P3
df              e               P                 4
Effect
Group 2,74 2.74 .069
Task 4,296 .80431 J058.08*** .976
Group 8,296 .80431 5.84*** .136
* Task
Day 2,148 .92178 14.47*** .164
Group 4,148 .92305 1.79 .046
* Day
Task 8,592 .76046 555*** .070
* Day
Group 16,592 .76046 1.48 .038
* Task
* Day
* p 6.05 ** p 5.01 *** p 5.001
19 The reason for this decision was to keep the P3 data as straightforward as possible, because, as compa-
red to che RTs, recording and scoring the P3 is already more complicated. It involves che choice of, for
example, time constants, filter settings, templates, search windows etc.
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Figure 6.5. Grand average ERP-waveforms at Pz  from the unschooled South African participants (SA-IL),
the South African studenis (SA-US), and the Ducch students (NL-US) for all TAART-tasks.
The ERP-waveforms of the three tes[ing days are superimposed.
Group effects. An overall ANOVA with task, day and group as factors revealed no
significant differences between groups  in  the  peak  latency  of the  P3 (cf. Table  6.11,
Figure 6.6a and 6.6b).
Table 6.12, in which analyses  per  task are presented, shows  that  a main effect  for
group is found in task B and C. Inspection of Figure 6.6b shows that for task B the dif-
ferences are in the expected direction, that is, the shortest latencies for the Dutch siu-
dents, followed by the South African students, and the unschooled South African par-
ticipants showing the longest la[encies. For task C, on the other hand, the South
African students had the longest latencies, followed by the unschooled South African
students, and the longest latencies for the Dutch students. However, given the non-sig-
nificance of the overall test these effects remain inconclusive.
Results                                                                                                                 93
3000 - A
3                             - x
1                            -8
C







- SA-IL SA-US NL-US
A             A * *A'500 -
0
day 1 day 2 day 3 day 1 day 2 day 3 day 1 day 2   day 3




570 - -n - B
560 - SA-IL SA-US NL-US
550 - - C






















300 -      i             i i 1 [         1         1
day 1 day 2 day 3 day 1 day 2    day 3 day 1 day 2    day 3
Figure 6.6b. P3-latencies per task, day and group for the 3 TAART-tasks.
Note, that the scaling of the y-axis is smaller than in Figure 6a.
2
Table 6.12. ANOVAs for [he Pi-latencies per task.
A                                                                                 X                                                                             B
Effect     df     E      F        4     df     E      F        «     df     E      F       n
(.;r(,lip 2,81 .77 .019 2,82 .89 .()21 2,82 8.()2*** .165
1). y 2.164 .81529 i l.49*** .28() 2,164 .94747 .99 .012 2,162 .94152 2189*** .213
(,n,Ii ·1.164 .81529 2.67* .062 4,164 .94747 1.7.1 .041 4,162 .9.1152 3.08* .()71
* Day
B'                                                                                C                                                                             D
Effect           df          E            F                4          df          E             F                 n          Jf          E             P               4
GrmT 2,8() .38 01() 2,81 5.71* .124 2,77 1.35 .034
1)ay 2,16() .98512 4.88** .()58 2,162 .94970 1.55 .019 2,154 ,99853 4.10* .()51 n
(;niul, zi,16() .98512 2.5()* .059 4,162 .9497() .22 .()()6 4,154 .99853 1.13 029  -
* 1)uy
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Task effects. Since the templates for scoring the P3-latencies were chosen per task,
interpretation of (main) task effects is problematic. Consequently, only interaction effects
are  reported. A group  by task interaction was found (cf. Table 6.11), showing  that
(despite identical templates per task for all groups) differences in P3-latencies between
tasks were not identical for all groups"'
Effects  of repeated exposure. A main effect for day of testing on the P3-latency was found,
which was in part task dependent (day * task interaction, see Table 6.11). Examination of
the Figures (6a and 6b) shows that this is due to an overall decrease in latency. For some tasks
(A, B) the P3-latency clearly decreased over the three testing days, but for task C repeated
exposure appeared to result  in an increase, rather  than  a decrease,  of the  latency  of the  P3.
Tests of simple effects showed that the effect of repeated exposure was significant in the two
student groups (cf. Table 6.12). This is contrary to the hypotheses which predicted that the
effects of repeated exposure would be largest for the unschooled participants.
Table 6.13. ANOVAs of simple effects  for the P3-latencies over the 5 TAART-tasks for the unschooled
South Africans (SA-IL), the South African students (SA-US) and the Dutch students (NL-US).
P3
df              E               F                4
Effect
SA-IL
* Task 4,296 .80431 847.53*** .920
SA-US
* Task 4,296 .80431 1095.00*** ·937
NL-US
* Task 4,296 .80431 1202.57*** .942
SA-IL
* Day 2,148 .92178 .42 .0()6
SA-US
* Day 2,148 .92178 7.11** .088
NL-US
* Day 2,148 .92178 13.32*** .153
SA-Il
* Day 8,592 .76046 1.16 .015
* Task
SA-US
* Day 8,592 .76046 2.06 .()27
* Task
NL-US
* Day 8,592 76046 597*** .()75
* Task
* p 5.05 ** p 5.01 ** ps .001
20 Note, chat this effect is indirectly a justification for the choice of the templates; within the limits of
the templates differences between groups in the task effect were apparently still possible.
4
Table 6.14. ANOVAs of simple effects for the P3-latencies per task for the unschooled South Africans (SA-IL), the South African students (SA-US) and the Dutch
students (NL-US).
A                                                                                 X                                                                             B
Effect          df         E           F               4          df         E            F               11         df          E            F              4'
SA-IL
* Day 2,162 .81529 10.88*** .118 2,164 .94747 .70 .0()8 2,162 .94152 1.18 .014
SA-US
* Day 2,162 .81529 2.95 .035 2,164 .94747 3.03 .036 2,162 .94152 7.08*** .()8()
NL-US
* Day 2,162 .81529 2332*** .224 2,164 .94747 .72 .009 2,162 .94152 20.79*** .204
B'                                                                                C                                                                             D
Effect            df           E             F                 4           df           E              F                  «           df           E              F                4
SA-IL
* Day 2,160 .98512 29 .004 2,162 .94970 .67 .008 2,154 .99853 .20 .0()3
SA-US                                                                                                     9* Day 2,160 .98512 1.60 .020 2,162 .9497() .52 .006 2,154 .99853 3.31* .041             :
NL-US                                                                                                                                  * Day 2,160 .98512 8.32*** .094 2,162 .94970 .81 .()10 2,154 .99853 3.94* .049     
* p s .05 ** p 5 .01 ** p 5.001                                                                                                                                                                  82-
/
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As  can  be  seen in Table  6.12, in which analyses  per task are presented, effects  of
repeated exposure were significant with the TAART stimuli in tasks A, B, and D. These
effects were largest for the Dutch students for task A and B (see also Figure 6.6b). Tests
for simple effects per task showed that the decrease in P3-latency over days was signif-
icant (and of reasonable effect size) in task A for the unschooled South Africans and the
Dutch students  (cf.  Table  6.14).  Although the decrease in P3-latency  over  three days
was significant in task B and D for the two student groups, it should be noted that only
the effect for the Dutch Students on task D was of reasonable size (cf. Table 6.14).
Conclusion. The most important result on the P3-latency is that no support was
found for the anticipated differences between groups in the onset latency of the P3. Day
by group and day by group by task interactions were also non-significant. Although an
effect of day (in the expected direction) was found, this does not show a clear pattern
for each task. The effects of repeated exposure are generally small and sometimes, sur-
prisingly, in an opposite direction to what had been predicted in the hypotheses.
Effects of stimulus content on P3-latency
In this section the results of the comparison of the two isomorphic tasks B and B'
will be discussed. As mentioned earlier these tasks were identical except for the stim-
uli presented and participants were trained only in task B during two days.
SA-IL SA-US NL-US
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Figure 6.7. Grand average ERP-waveforms at Pz from the unschooled South African parricipants (SA-IL),
the South African students (SA-US), and the Dutch students (NL-US) for task B en B'. The ERP-wave-
forms of the three resting days are superimposed
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Table 6.15. ANOVA for the P3-latencies over task B and B
P3
4             E              T               4
Effect
Group 2,79 4.58* .104
Task 1,79 526.33*** .869
Group 2,79 9.38*** .192
* Task
Day 2,158 .97686 24.29*** .235
Group 4,158 .97686 3.55** .082
*I)ay
Task 2,158 .92931 4.22* .051
* Day
Group 4,158 .92931 1.72 .042
* Task
* Day
* p 5.05 ** p 5.01 *** p 5 .0(}l
Group  effects.     In the ANOVA over the two tasks a main effect for group was found
(cf.  Table 6.15). Analysed per task (see Table 6.12) this group effect appeared to be sig-
nificant only in task B. Figure 6.8 illustrates that the peak of the P3 on task B occurred
earlier in the Dutch students than in the South African students, whose P3-latencies in
turn were shorter than those of the unschooled South Africans.
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NL-US -A- -  B





























300                 -      - -I
day 1 day 2 day 3 day 1 day 2 day 3 day 1 day 2 day 3
Figure 6.8. P3-la[encies per day for task B en B' for the unschooled Sou[h African participants (SA-IL),
the South African students (SA-US), and [he Dutch students (NL-US).
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Task effects. Different templates were determined for the two tasks, with [he short-
est latency for task B (see Method section in Chapter 4). As illustrated in Figure 6.8 the
differences between the latencies elicited by the two tasks were not the same for all
groups (group by task interaction, see Table 6.15). The shortest latencies were elicited
on task B, particularly for the Dutch students, followed by the South African students
and the unschooled South Africans. Tests for simple effects showed that the task effect
was significant in each group (see Table 6.16), but as Table 6.16 also reveals the groups
differed in the size of the effect.
Table 6.16. ANOVAs of simple effects fur rhe P.J-latencies of task B and B' for the unschooled South
Africans (SA-IL), the South African students (SA-US) and the Dutch students (NL-US).
P3
df           E            F             9
Effect
SA-IL
* Task 1,79 116.43*** .396
SA-US
* Task 1,79 146.38*** .649
NL-US
* Task 1,79 287.17*** .784
SA-US
* Day 2,158 .97686 1.09 .014
SA-US
* Day 2,158 .97686 7.19*** .083
NL-US
* Day 2,158 .97686 23.87*** .232
SA-Il
* Day 2,158 .92931 60 .()08
* Task
SA-US
* Day 2,158 .92931 2.44 ·()30
* Task
NL-US
* Day 2,158 .92931 4.72* .012
* Task
* p s .()5 ** p 5.01 ** p 5.001
Effects of repeated exposure. Generally the peak latency of the P3 decreased over the
three days and relatively more so for task B (main effect for day and task * day interac-
tion, see Table 6.15). The effect of repeated exposure was largest for the Dutch students,
followed by the South African Students and finally the unschooled South Africans (day
* group interaction, see Table 6.15). Both main and differential effects of repeated expo-
sure were significant in each task (cf. Table 6.12).
In more detail, tests of simple effects showed that the main effect of repeated expo-
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sure was significant only in the two student groups and that for the group of Dutch stu-
dents this effect was larger for task B (cf. Table 6.16 and Figure 6.8). Tests of simple
effects per task (see Table 6.14) showed that in task B the effect of repeated exposure
was significant in the two student groups, whereas in task B' the effect of repeated expo-
sure was significant only for the group of Dutch students. It should be noted that only
in the group of Dutch students somewhat more substantial effect sizes were found.
Conclusion. As expected the Dutch students (followed by the South African students)
showed the shortest P3-latencies, though only for task B. Contrary to what had been hypo-
thesized, the Dutch students (again followed by the South African students) also showed
the greatest effects ofrepeated exposure, particularly for task B. The relatively small or non-
significant effects of repeated exposure for task B' (see Table 6.12) suggest that repeated
administration of task B had at best a limited effect on the speed of the processes underly-
ing the occurrence of the P3  in task B: But, as also mentioned with the RTs, evaluation of
the transfer effects is hampered by the absence of a control group without training.
LRPs
As mentioned in the Method section in Chapter 4, group averages were used to
determine the onset latency of the LRP in each condition. There were two main reasons
for using the group averages. First, because of the double subtraction individual LRP
scores could be based only on half of the available EEG trials. sometimes an individual
LRP had to be computed over less than ten trials. Secondly, che LRP is a low voltage sig-
nal (< 5PV as compared to generally 5 - 20BV for the P3, Miller & Hackley, 1992; Coles
& Rugg, 1995), which implies that a relatively high signal to noise ratio is necessary to
obtain an LRR Such a high signal to noise ratio only can be obtained with a substantial
number of trials. Another possible complicating factor was the age of some of the par-
ticipants in the sample of unschooled South Africans. Relatively young participants were
included in this sample who possibly had a lower signal to noise ratio (i.e., more noise).
As a consequence statistical testing of differences between groups or conditions did
not seem to be warranted. Thus, the results reported below are based on visual inspec-
tion of sample averages.
Stimulus locked LRPs. With the scoring criteria described in the Method section
(Chapter 4) it was not possible to score latencies of stimulus locked LRPs for all groups
in each condition. Specifically, stimulus-locked group averages did not always clearly
indicate the presence of an LRP, which was a prerequisite for application of the latency
scoring procedure. Only in tasks A and B could scores for all groups on all days be
obtained. For these tasks, and for the available data points of the other tasks, the pat-
tern of latencies parallelled what has been found for the RTs (cf. Figure 6.10 and 6.11).
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Figure 6.9. Grand average stimulus-locked LRP waveforms from the unschooled South African partici-
pants (SA-IL), the South African students (SA-US), and the Dutch students (NL-US) for all tasks. The
ERP-waveforms of the three tescing days are superimposed. The vertical line denotes stimulus onset.
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Figure 6.10. Stimulus-locked LRP-latencies per task and day for the unschooled South Africans (SA-IL),
the Sou[h African s[udents (SA-US), and rite Dutch students (NL-US).
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Figure 6.11. RTs and s[imulus-locked LRP-latencies per task and day for the unschooled South Africans
(SA-IL). the South African students (SA-US), and the Dutch students (NL-US).
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The finding that for some tasks only LRPs could be scored for the second and/or
the third day, in combination with more pronounced peaks over days (see Figure 6.9)
can be interpreted as an indication thar the variability in the process reflected by the
LRP decreased over days. Indirectly this is further supported by the finding that onset
latencies could be scored more often in more experienced groups, for which relatively
less variability in subprocesses of task performance is likely.
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Figure 6.12. Grand average response-locked LRP-waveforms from the unschooled South African partici-
pants (SA-IL), the South African studen[s (SA-US), and [he Dutch students (NL-US) for all taSks. The
ERP-waveforms of the three tes[ing days are superimposed. The vertical line denotes the response.
104 Cross-cultural differences
Response-locked LRPs.  In all conditions and groups response-locked LRPs could be
scored. Since stimulus-response assignments were kept constant across tasks no impor-
tant effects in the lateralized part of cortical motor activity was anticipated (Miller &
Ulrich, 1998).
Again the more pronounced peaks of the waveforms over the days suggested that
repeated exposure has resulted in less variability in the waveforms and the underlying
processes (see Figure  6.12). As illustrated in Figure  6.13,  the  pattern  of the latencies
did not show any consistent trends.




-100 -         SA-IL
SA-US NL-US B'







I i              I
day 1 day 2   day 3 day 1 day 2 day 3 day 1 day 2 day 3
Figure 6.13. Response-locked LRP-latencies per task and day for the unschooled South African (SA-IL),
the South African students (SA-US), and the Dutch students (NL-US).
Incorrect LRPs. A curious phenomenon for both stimulus and response-locked
LRPs is the occurrence of incorrect lateralization preceding activation of the correct
hand. Usually such incorrect LRPs are found in paradigms where a response conflict is
induced, like the Eriksen flanker task (e.g., Coles et al., 1995). Since none of the tasks
was a conflict paradigm these incorrect LRPs were not anticipated in the present exper-
iment. To make interpretation more complicated the pattern of the latencies of the
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Figure 6.14. Latencies of incorrect stimulus-locked LRPs per task and day for the unschooled Sou[h
African (SA-IL), the South African students (SA-US), and the Dutch students (NL-US).
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Figure 6.15. Latencies of incorrect response-locked LRPs per task and day for the unschooled South
African (SA-IL), the South African students (SA-US), and [he Dutch students (NL-US).
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Conclusion. Overall, the most important observation of the results of the LRPs was
that the stimulus locked LRPs parallelled the results of the RTs.
Additional measures
Raven Standard Progressive Matrices. Because of technical irregularities (see Method
section in Chapter 4) only seventeen complete test administrations were obtained in the
group of 26 unschooled South Africans. In the two student samples there were no prob-
lems with the administration of the Raven. The performance of the unschooled South
Africans  was  the  lowest  (mean raw score  =  25.7,  SD  = 7.67), followed  by the South
African students (mean raw score = 37.7, SD = 6.45), and the Dutch students (mean
raw  score  =  53.5,  SD  =  4.92).  As  expected the differences  in  mean raw score between
the groups were significant and substantial (F(2,73) = 116.87, p < .001,71 =  .762).
Table 6.17. Correlations between standardized Raven Table 6.18. Correlations between standardized Raven
scores and standardized RTs, averaged (per subject) scores and standardized P3-latencies, averaged (per
over the three resting days. Standardization was subject) over the three resting days. Standardization
calculated per group. Significance is one-tailed. was calculated per group. Significance is one-tailed.
Raven Raven
RT A _0.112 P3 A _0.076
RT X -.204* P3 X _0.107
RT B 0.172                                                          B                0.051
RT B' -.214* P3 B' 0.1
RT C _0.132 P3 C     _0.123
RT D -.213* P3 D 0.008
* p 5.05 ** p 5.01 *** p 5.001 * p 5.05 ** p 5.01 *** p 5.001
Correlations betu,een tbe Raven and R71.   To avoid spurious results the data were standar-
dized per group before correlations were calculated. It was anticipated that higher Raven
scores would be accompanied by faster RTs, so one-tailed significances were computed.
When the three testing days are taken together (per participant) correlations are
small, but in the expected negative direction (cf. Table 6.17).  For half the taSks  the cor-
relation is significant, but there is no obvious pattern in the correlations.
Correlations  betu·een  tbe  Raven  and  tbe  P3-latency. Again the data were standardized
per group before one-tailed correlations were calculated. It was anticipated that high
Raven scores would covary with short P3-latencies.
As can be seen in Table 6.18, in which the correlations averaged over the three test-
ing days (per participant) are presented, the correlations are small, nonsignificant, and
the direction is not consistent. Altogether this pattern does not suggest any relation-
ship between IQ and P3-latency.
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Table 6.19. Correlations be[ween standardized RTs and standardized P3-latencies, averaged (per subject)
over che three resting days. Standardization was calculated per group. Significance is one-tailed.







* p 5.05 ** p 5 01 *** p 5.001
Correlations betu'een tbe P3-latency and RTs. The standardization procedure per group
described earlier was applied to the P3-latencies and RTs before correlations were cal-
culated. A positive relationship between P3-latencies and RTs was expected, so one-
tailed significances were computed.
In general Table 6.19 shows positive correlations. Overall the sizes are small and
the pattern over tasks is not consistent. Calculated over the average (per participant) of






Cross-cultural differences in performance have been consistently reported for a
variety of cognitive tasks, including tasks of low cognitive complexity and simple stim-
ulus material (e.g.,Jensen, 1985; Poortinga, 1971; Verster, 1983). Even when those fac-
tors that are known to induce differences in performance across cultures have been con-
trolled, such cross-cultural differences continue to be found. The explanations that have
been proposed for these findings so far are rather speculative, since they lack support of
direct experimental evidence.
The objective of the present study was to test whether cross-cultural differences in
performance on simple cognitive tasks can be explained by (differences in) specific stim-
ulus and task related characteristics, instead of vague notions related to "culture"
Specifically, it was investigated whether stimulus familiarity, as induced by repeated
exposure to stimulus materials, would influence observed differences in performance. To
localize the effects of (an increase in) stimulus familiarity more precisely information
about cognitive processes between stimulus presentation and response (pressing a but-
ton) was collected by means of ERPs.
The samples in the investigation consisted of participants from two populations
with widely different cultural backgrounds, Venda (South African) and Dutch. The
Venda participants comprised a group of volunteers with at most only a few years of
schooling living in a traditional rural area and of a group of university students. All
Dutch participants were university students. A set of tasks of varying cognitive com-
plexity was administered on three subsequent days, keeping stimuli and response mode
constant. In addition to RTs the latency of the P3 was analyzed, which is assumed to
reflect stimulus evaluation time. To manipulate familiarity with the stimuli and proce-
dures the participants were trained in several tasks. It was anticipated that this should
result in a reduction in RT and in P3-latency, particularly among unschooled Venda
participants. Administration of an additional task, that only differed in the content of
the stimulus material, was meant to explore whether the expected effects of training
would show transfer to other stimuli.
Errors
A potential difficulty in the interpretation of RT data is the proportion of errors
since speed can be traded off for accuracy and vice versa. A valid comparison of RTs
becomes complicated if groups differ systematically with respect to this speed-accura-
cy trade-off (e.g., Pachella,  1974). In the data of the present study no indications have
been found that such a trade-off could explain the results of faster responding samples.
Actually, the slowest RTs were accompanied by the largest numbers of errors, whereas
a trade-off of speed for accuracy predicts a combination of fast RTs and a large number
of errors. This was taken to imply that in the interpretation of differences between
groups in RTs no correction for the proportion of errors was necessary before meaning-
ful comparisons of patterns of scores could be made.
From an absolutistic  viewpoint  (e.g., Jensen,  1998) it would be asserted  [hat  the
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Cognitive tasks administered in the present Study are so elementary that anyone could per-
form them without any problem and that the information content, maybe after some ini-
tial practice, should be entirely familiar. However, several characteristics of the pattern of
errors suggest that the groups differed in their actual (in)experience with the tasks and
task settings. First, there were noticeable differences between groups in the number of
errors. The unschooled participants made, particularly on the first testing day, relatively
a lot of errors despite extensive instruction, practice trials and control on comprehension
of the tasks. In combination with the finding that more errors were made on the more dif-
ficult tasks this clearly points to their inexperience with the tasks and task setting.
Compared to the unschooled participants, South African students made fewer errors, but
still more than the Dutch students. In addition, this effect was task dependent and more
pronounced on the first testing day. It is likely thar the South African students had rela-
tively more exposure to this type of task setting than the unschooled participants, but less
than the Dutch students. Secondly, the effects of training or repeated exposure were by far
the largest for the unschooled South Africans, followed by the South African students.
Again, these differential training effects over a relatively short period are an indication of
differences in experience with the taSks and task setting of the South Africans. In this
respect,the number of errors followed patterns that had been hypothesized for the RTs.
RTs
The RT results of the present study are another confirmation of the consistency of
cross-cultural differences on simple cognitive tasks. Similar patterns of RTs have been
reported for earlier versions of the tasks used in the present study. This finding illus-
trates that adaptations of the tasks that were necessary to use them in an ERP-paradigm
did not fundamentally influence patterns of performance (Sonke er al., 1999; Van de
Langenberg, 1989, Verhoeven, 1990; Helms-Lorenz, in preparation). Also in a more
general context the RTs followed a pattern that was in accordance with the results
reported for these types of tasks Uensen,  1998; Verster, 1991). Basically, these findings
were a necessary condition for the interpretation of the results of the present study.
For all tasks the RTs of the South African students were intermediate between the
unschooled South Africans and the Dutch students. This ordinal positioning of the
groups on the basis of their RT-curves for each task is compatible with the general
effects of (the level of) schooling, specifically exposure to settings comparable to the
testing situation as reported earlier (Scribner & Cole, 1981; Kendall et. al, 1988; Van
de Vijver, 1991). For example, compared to the Dutch students the South African stu-
dents had less experience with computers. For Dutch students working with compu[-
ers is a daily activity, whereas at Venda University the only one computer tha[ was avail-
able to the students was a computer in [he library for searching literature. However,
such post hoc interpretations are risky (e.g., Berry et al., 1992) and at odds with the
aim of the present study, which is the reduction of post hoc explanations.
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The manipulation of stimulus familiarity by repeated exposure and explicit train-
ing of the tasks showed an overall improvement in performance in each group. It had
been expected that these effects would be the largest for the South Africans, specifical-
ly the unschooled group, but this was observed in only some of the tasks.
On the simplest task the sample of Dutch students showed the largest improve-
ment in performance over days (in terms size of effect), which was contrary to what had
been hypothesized and which has been reported previously (Van de Langenberg, 1989,
Van de Vijver,  1993).  Probably the effects of repeated exposure in the two South African
groups were, at least partly, obscured by a ceiling effect caused by the imposed time-
limit. These groups macie a large number of errors on the simplest task, particularly on
the first testing day. The largest proportion of these errors were time-outs which indi-
cated, retrospectively, that the time limit for this task had been set too low for these
participants who were not accustomed to the laboratory RT tasks. As a consequence, the
mean RT was calculated in these samples over a set of trials from which the trials with
the slowest responses had been removed. The rejection of the (too) slow responses may
have obscured or at least reduced the training effect.
In the two TAART-tasks of intermediate difficulty no differential training effects
were observed, but in the two most difficult tasks the training effect was relatively
greatest for the unschooled South Africans.21
The absence of clear differential training effects for the RTs on the intermediate
tasks may have been due to an insufficient number of training trials. Eventually, par-
ticipants should reach an asymptotic level of performance after training, but as illus-
trated in Figure 7.1, which represents the RTs on the intermediate tasks in more detail,
this was not accomplished in the present study. Even for these tasks effects of training
were found in each group (cf. Table 6.6 and 8 in Chapter 6, Results). If performance is
close to an asymptotic level, only minor training effects can occur. In the design of the
study we expected that the Dutch students (who had the fastest RTs) would be close to
their asymptotic level, Or that at least the number of training trials would induce at
least a clear trend towards such a level. The observation that the Dutch students showed
clear training effects between days two and three Suggests that not enough training tri-
als had been administered to come close to the asymptoric level even in this sample.
Although the patterns of RTs for the two most difficult tasks were more in accor-
dance with the anticipated differential effects of training, again no (trend towards an)
asymptotic  level can be observed (cf. Figure 6.1 in Chapter 6, Results). The substantive
training effects of the Dutch students indicate that the training was not sufficient to
reach a stable level of performance in this group.
21 The relatively high mean RT of the South African students on [he most difficult task on the first day
is the only finding that does not fit the general pattern of results. Given the overall consistency of the par-
tern this is regarded as an exceptional result.
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Figure 7.1. Reaction times per day for task B and B' for the unschooled South Africans (SA-IL),
the South African students (SA-US), and the Dutch students (NL-US). Note tha[ the scale
of the y-axis is smaller than of the Figures of- che RTs in the Results section.
The effects of stimulus content became apparent through comparison of the RTs on
the two isomorphic tasks with different stimulus sets. It was anticipated that training
with the TAART-stimuli would also facilitate performance with the alternative stimu-
lus set, that is, transfer of training effects was expected. In general participants respond-
ed slower with the alternative stimulus set, which indicates that performance of the task
with this set was more complex.
As already discussed training, and/or repeated exposure resulted in faster respons-
es. In Figure 6.3 of the Results in Chapter 6 it is illustrated thar this improvement
shows nearly parallel RT-curves for the two isomorphic tasks in all three groups. This
can be interpreted as another indication that the number of training trials was not suf-
ficient because the effects of repeated administration, that is, repeated exposure to either
stimulus set, were not notably different from the effects of the (extra) training sessions
with the TAART-stimuli. Another possibility is that these findings indicate transfer,
namely faster RTs through training with the TAART-stimuli generalized tO the alter-
native stimulus set. However, to assess the validity of the latter interpretation for each
sample a control group should have been incorporated that received no training.
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Unfortunately, due to the limitations set by the nature of field work, such a group has
not been included in the design. Consequently, on the basis of the present data it can-
not be determined which of the two explanations is more plausible.
P3
The field conditions under which the ERP data have been collected in the two
South African groups were quite different from the controlled environment of the lab-
oratory where ERPs are usually recorded. In addition, the RT tasks used in the present
study were never before administered in an ERP-paradigm. Despite the absence of stud-
ies in the literature describing ERP waveforms collected under conditions closely sim-
ilar to those of the present study, several characteristics indicate that valid waveforms,
and not artifacts, have been analysed. Firstly, in all conditions and groups the ERP-
waveforms showed a consistent pattern of peaks comparable to what has been found in
other studies. Secondly, the time windows of the templates for searching the P3 were
somewhat different in the various taSks. Thirdly, a different Stimulus set (TAART stirn-
uli versus the alternative geometrical figures) in an otherwise identical task resulted in
a shift of the time window of the template, suggesting that the peak labelled as the P3
was sensitive to stimulus related factors. This is in accordance with ics functional defi-
nition as an index of stimulus evaluation time. The pattern of latencies further sup-
ported this interpretation (see Figure 6.6b in Chapter 6, Results). For the simplest task,
in which only black and white squares were presented, the shortest latencies were
found. The other tasks with the geometric TAART stimuli formed a cluster with inter-
mediate latencies, while for the task with alternative geometric stimuli the longest
latencies were observed. The previously mentioned consistency of the ERPs over groups
and tasks in combination with observed differences in amplitude over groups (cf.
Figures 4 and 5 Chapter 6, Results) are in line with the assumption of strong univer-
sality discussed in Chapter 3. Thus, no indications have been found challenging the
comparability of patterns of scores cross-culturally.
The most important finding of the study was that for the P3-latencies no differ-
ences between groups were found. Contrary to what had been expected the pattern of
P3-latencies did not parallel the pattern of group differences found for the RTs. In view
of this finding, it is not surprising that generally low and non-significant correlations
between RTs and P3-latencies were found. The findings imply that the processes asso-
ciated with the latency of the P3, that is, relative stimulus evaluation time, cannot
account for the observed patterns of group differences in RTs. This suggests that the
explanation of the observed pattern of group differences  in RTs should  not be sought  in
processes associated with the latency of the P3. More specifically, the hypothesis thar
cross-cultural differences in stimulus familiarity would explain differences in RT, as
reflected by relative stimulus evaluation time, was not confirmed. There are tWO obvi-
ous explanations for this finding: i) the P3-latency is not a valid index of differences
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and/or changes in stimulus familiarity, ii) stimulus familiarity is not a relevant para-
meter of cross-cultural differences in  RTs.  As will be described in the discussion of the
LRPs there are tentative indications for the first interpretation.
Although over all tasks a general effect of training and/or repeated exposure was
found for the P3-latencies, the results per task gave a mixed pattern. For two relative-
ly simple tasks the latency decreased over days, while for a more difficult task the laten-
cy increased over days (cf. Figure 6.6b, Chapter 6, Results). Possibly the explanation for
this observation lies in differences in task characteristics. The tasks that showed a
decrease in latency with training and/or repeated exposure more easily result in auto-
matic processing (e.g., Shiffrin & Schneider, 1977; Schneider & Shiffrin, 1977), where-
as in the other task the phase of automatic processing probably never was (or even can
be) attained completely. Of the two simple tasks one comprised the detection of the
position of a white square among three black squares and in the other task a target (from
a memory-ser of four) had to be detected among three non-target stimuli. In both tasks
the target stimuli remained the same during the task and across resting sessions. The
more difficult task consisted of a centrally presented geometrical figure (per trial ran-
domly chosen from the same stimulus set as the easier tasks) for which a complement
had to be detected among the four surrounding stimuli. The two simpler tasks are
equivalent to the consistent mapping condition of Schneider and Shiffrin which has
been associated with automatic detection. In the more difficult task the participant had
to search actively for the complement on each trial which is similar to the varied map-
ping condition of Schneider and Shiffrin that resulted in controlled search.
Overall training effects, but no differential effects over groups were found for the
P3-latencies. Given the (a priori) hypothesized relationship between RTs and the laten-
cies of the P3, these findings are consistent with the absence of such differential train-
ing effects for the RTs. This could be regarded as another indication that the training
was not sufficient to induce differential effects. However, the absence of group effects
in P3-latencies (which were after all quite substantial for the RTs) casts doubt on the
anticipated relationship between the RTs and the P3-latencies, and makes the interpre-
tation of insufficient training less plausible as an explanation for the absence of group
differences in training effects in P3-latencies.
A more plausible interpretation is that the (differential) effects of training in the
context of cross-cultural differences in RTs become (more) apparent in other informa-
tion processing activities as those reflected by the P3. This explanation is compatible
with the substantive cross-cultural differences for the RTs in combination with the null
effect for the P3-latencies mentioned above. The tentative findings of the stimulus -
locked LRPs form an indication for this interpretation.
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LRP
Meanwhile the question which factors underlie the observed differences in RTs
found in the present study and reported by others (Sonke et al., 1999; Van de Langen-
berg 1989; Verhoeven, 1990, Helms-Lorenz, in preparation, Verster, 1983; Jensen,
1998) remains unanswered. The pattern of RTs in combination with the absence of
effects for the P3-latencies suggests [har possibly the focus should be shifted tO other
aspects of information processing. The explorative findings on the LRP are compatible
with this suggestion. The patterns of stimulus locked LRPs showed close parallels to
rhe patterns of RTs, while the patterns of the response locked LRPs did not show such
a similarity (cfi Figure 6.11  in the Result section in Chapter 6). This indicates that dif-
ferences in the duration of processes between stimulus presentation and LRP-onset, that
is, selection of a specific response, may well underlie cross-cultural differences in per-
formance on these types of RT tasks.
The lateralized part of cortical motor activity, as reflected by the response locked
LRPs (Miller & Ulrich, 1998), did not show a pattern parallel to that of the RTs sug-
gesting that (differences in) the speed of motoric processes as such (are) is nor at issue.
More specifically, the curves of the response locked LRPs (cf. Figures 9 and 10 Chapter
6, Results) showed very mixed patterns not only within and across groups, but also
across days and tasks. As a consequence it was impossible to find any general trends, let
alone any similarity with the pattern of RTs.
A curious phenomenon for both stimulus- and response-locked LRPs was the con-
sistent occurrence of incorrect LRPs, indicating incorrect lateralization preceding acti-
vation of the correct hand. Such an incorrect lateralization usually is observed in para-
digms where a response conflict is induced, like in the Eriksen flanker task (Coles et al.,
1995). In the present study incorrect LRPs had not been anticipated, since none of the
tasks comprised a response conflict. In addition, the pattern of incorrect LRPs did not
show a consistent pattern, which makes interpretation complicated. One speculative
explanation is based on observations during task performance that while participants
pressed the button with the correct finger, they tended to lift the other fingers too. If a
unilateral finger movement is prepared, bilateral RP is present with a preponderance
over the hemisphere, contralateral to the side of the responding finger If a unilateral
flexion movement is made together with an extension of the other finger on the same
side, while on the other side two fingers make an extension movement, it is no longer
possible to tell what activity stems from where, with fatal consequences for the deter-
mination of the LRR Possibly this results in different negativities and it is not clear, in
this situation, what the result will be of the subtraction method that is used for calcu-
lation of the LRR Smulders et al. (1996) have ascribed incorrect LRPs on slow trials to
changes and/or fluctuations in strategy. However, in the present study incorrect
response activation appears to be consistent over groups, days and tasks, making it
implausible to explain the incorrect LRPs as due to changes in strategy. Another puz-
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zling observation is that on the simplest task the incorrect lateralization starts prior to
stimulus presentation. According to Miller (1998) response preparation preceding
stimulus onser indicates anticipation ofa highly probable response. With respect to the
present study the question then remains why participants consistently anticipate a
response with the incorrect hand. To answer this question more knowledge about the
LRP. particularly in tasks other than response conflict paradigms, is necessary.
Correlations between IQ and RT or P3-latencies
Although not primarily the aim of the present study, the data offered the possibil-
ity for some (exploratory) analyses of correlations between IQ-scores and measures
recorded during performance of the RT-tasks. Previously consistent (negative) correla-
tions have been reported between IQ on the one hand and both RT and E(R)Ps on the
other hand (Eysenck, 1982; Jensen  1998; McGarry-Roberts et al.,  1992).  This  has  been
taken by some authors as support for the biological basis of intelligence. In the present
study an identical pattern has been found for the correlations between IQ and RT,
although the correlations were low. The average correlation between IQ and P3-laten-
cies was -.058, which is so small that it hardly explains any variance. It should be noted
that others have also found results that contradict the findings of the above mentioned
authors. Houlihan et al. (1998; cf Chapter 3), for example, even reported a positive
relationship between P3-latency and IQ.
As has been mentioned in Chapter 3, a weakness in the studies of Eysenck and
Jensen is that the E(R)P-data were obtained during extremely simple tasks that had no
relationship with the cognitive performance of interest. Consequently the E(R)P-data
as such cannot reveal anything about cognitive task performance. In the studies of
Houlihan et al. (1998), McGarry-Roberts et al. (1992), as well as in the present study,
the ERPs were recorded during cognitive task performance. However, no overall, con-
sistent pattern of correlations has been found in these three studies. Unfortunately,
there is no obvious explanation for the discrepancies in the results.
Conclusion
The main aim of the present study was to collect experimental evidence for a
hypothesis about a specific factor underlying cross-cultural differences on simple cog-
nitive RT tasks. As such it can be regarded as a first attempt to establish a specific locus
for cross-cultural differences in performance in terms of information processing activi-
ties. The reason to conduct the present study WaS the impasse in the discussion about
the relationship between culture and cognition in the cross-cultural psychological lit-
erature. Because of different methodological and consequently incompatible orienta-
tions, political as well as scientific arguments have entered the discussion. A psy-
chophysiological, chronometric approach was seen as a means towards more precise and
definite knowledge. The latency of the P3, as an index of stimulus evaluation time, was
thought to reflect differences and/or changes in stimulus familiarity. For various reasons
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this factor appeared to be important in the explanation of cross-cultural differences in
performance on simple RT-tasks.
In general it can be concluded that the present study has shown that this psy-
chophysiological chronometric approach is technically feasible; a substantial body of
cross-cultural RT and ERP data has been collected under field conditions.
The RT-results were a replication of patterns found previously and as such ill US-
traced the consistency of cross-cultural differences on this type of tasks. At the same
time no indications were found that (differences and/or changes in) stimulus evaluation,
as  assessed  by the latency of the P-3, underlie the observed patterns of performance.  At
the same time, results of the stimulus-locked LRPs, which showed patterns of cross-cul-
tural differences that tended to match those observed for RTs, can be regarded as an
indication that the focus should be shifted frOm stimulus-related processes to more
response-related processes such as stimulus selection. Hopefully, this suggestion will be
further investigated in future research with a chronometric approach.
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Even on simple cognitive tasks, like choice reaction time (CRT) tasks, cross-cul-
rural differences in performance  have been reported (e.g. Poortinga,   1971;  Van  den
Langenberg, 1989; Van de Vi iver, 1993; Versier, 1983) These types of tasks are char-
acterized by a small number of transformations from stimulus to response and simple
stimulus materials. Generally, cross-cultural differences in performance increase as the
tasks become more complex. Similar findings have been reported across a wide variety
of intelligence tests (Jensen, 1985; Verster, 1991). Although various alternatives have
been proposed researchers do not agree about the explanation for the observed cross-cul-
tural differences. Differences in methodological orientation (i.e. absolutistic, relativis-
tic, universalistic; Berry, Poortinga, Segall & Dasen, 1992) adopted by researchers are
one of the reasons for this lack of consensus. So far, all explanations are rather specula-
tive, because they lack direct experimental evidence about underlying causal factors.
The present study was designed to investigate the role of stimulus-related deter-
minants, more specifically stimulus familiarity, in cross-cultural differences in perfor-
mance on simple cognitive tasks in an RT-paradigm.
Volunteers from three different groups participated in the study, a non-Western
group with only a few years of schooling at a low level, a non-Western group of uni-
versity students and a Western group of university students. The two non-Western
groups had the same cultural background, i.e. Venda in South Africa. The Western
group consisted of Dutch university students. On three subsequent days five tasks of
varying complexity were administered that were derived from the TAART test battery
(cf. Helms-Lorenz, in preparation). Participants were trained in these tasks, except the
most simple one, on the first and the second testing day. In addition one of the tasks
was administered with an alternative stimulus set (i.e. identical task format, but differ-
ent stimuli). The Raven Standard Progressive Matrices were administered as a measure
of IQ of the participants. In addition to RTs and errors, event-related potentials ERPs
were analyzed. Specifically, the latency of the P3 as an index of stimulus evaluation time
and the lateralized readiness potential (LRP) as a marker of response selection process-
es were studied.
The RTs showed a pattern of cross-cultural differences that was a replication of
results reported earlier. Differences between groups were small on the simpler tasks, but
as task complexity increased observed differences also became larger. Training of par-
ticipants in the tasks resulted in faster RTs and more so for the more complex tasks.
Contrary to what had been expected the size of this effect did not appear to be group
dependent. Performance was influenced by the type of stimuli presented, but again no
group dependent training effects were found.
At the level of the P3-latencies no support was found for the anticipated differences
between groups in the stimulus evaluation time. Training effects were generally small
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and without a clear pattern. No differential training effects across samples were found
for the P3-latencies. With respect to the LRPs a distinction was made between the
stimulus-locked LRPs, as an index of response selection, and response-locked LRPs, as
an index of the lateralized part of motor activity. Visual inspection of stimulus-locked
LRPs suggested that the factors underlying cross-cultural differences in RTs should be
sought at the level of response selection processes.
The correlations between the scores on the Raven and RTs were small, but in the
expected (negative) direction. Correlations between the Raven scores and the P3-laten-
cies were small and inconsistent. Positive, but small correlations were found between
the P3-latencies and RTs. Overall, no clear patterning of correlations across samples or
across tasks was found.
Besides a replication of a pattern of cross-cultural differences in RTs, no indications
have been found that stimulus-related processes, as reflected in the P3-latencies, under-
lie these findings. The results of the LRPs Suggest that in future research the focus
should be shifted to more response-related processes. Overall the present study has
shown that a psychophysiological information processing approach can be a valuable
tool in research on cross-cultural differences in performance on simple cognitive tasks.
It may prove to be the way out of the impasse in the discussion about the relationship
between culture and cognition.
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Samenvatting
Zelfs voor eenvoudige cognitieve taken, zoals "keuze reactietijd taken' (CRT), zijn
cross-culturele  verschillen in prestatie gerapporteerd (o.a. Poortinga,   1971;  Van  den
Langenberg, 1989; Van de Vijver, 1993; Verster, 1983). Kenmerkend voor deze taken
is het geringe aantal transformaties van stimulus naar respons en het eenvoudige stim-
ulus materiaal. Over her algemeen worclen de cross-culturele verschillen in prestatie
groter met een toename in de complexiteit van de taken. Vergelijkbare resultaten zijn
gevonden  voor een groot  aantal  intelligentietesten  (Jensen,  1985;  Verster,  1991).  Al-
hoewel verschillende alternatieven zijn voorgesteld is er tussen onderzoekers geen over-
eenstemming over de verklaring voor de geobserveerde cross-culturele verschillen. E6n
van de redenen voor dit gebrek aan consensus is het verschil in methodologische orien-
carie (absolutistisch, relativistisch, universalistisch; Berry, Poortinga, Segall & Dasen,
1992) van de onderzoekers. Daarnaast zijn toi nu toe alle verklaringen nogal speculatief,
omdat experimentele ondersteuning voor onderliggende causale factoren ontbreekt.
Dit onderzoek is opgezet om de rol van stimulus-gerelateerde factoren, in het bij-
zonder bekendheid met stimuli (stimulus familiarity), bij cross-culturele verschillen in
prestatie op simpele cognitieve taken in een reactieti id (RT) paradigma te onderzoeken.
Vrijwilligers uit drie verschillende groepen participeerden in het onderzoek, een
niet-westerse groep met slechts enkele jaren scholing op een laag niveau, een niet-west-
erse groep universiteitsstudenten en een westerse groep universiteitsstudenten. De twee
niet-westerse groepen hadden dezelfde culturele achtergrond. Zij behoorden toi de
Venda in Zuid-Afrika. De westerse groep werd gevormd door Nederlandse univer-
siteitsstudenten. Op drie opeenvolgende dagen werden vijf taken van oplopende com-
plexiteit afgenomen, die waren afgeleid van de TAART test batterij (zie Helms-Lorenz,
2001). Deze taken, met uitzondering van de eenvoudigste, werden getraind op de eerste
en tweede teStdag. Daarnaast werd 66n van de taken afgenomen met een alternatieve
stimulus verzameling (identieke taak, maar verschillende stimuli). De Raven Standard
Progressive Matrices is afgenomen als maat voor het IQ van de deelnemers. Behalve RTs
en fouten, zijn ook event-related potentials (ERPs) geanalyseerd. In het bijzonder de
latentie van de P3, als index van "stimulus evaluatie tild", en de "lateralized readiness
potential (LRP)", als signaal van respons selectie, zijn bestudeerd.
De RTs vertoonden een parroon van cross-culturele verschillen dat een replicarie
was van eerder gerapporteerde resultaten. De geobserveerde verschillen tussen de
groepen waren klein op de eenvoudigere taken, maar werden groter met een toename
in de taakcomplexiteit. Training van de taken resulteerde in snellere RTs, met name
voor de complexere taken. In regenstelling tor de verwachting, bleek dit effect niet
groepsafhankelijk te zijn. Verder werd de prestatie beinvloed door het soort stimuli dat
werd gepresenteerd, maar opnieuw werden er geen groeps afhankelijke trainingsef-
fecten gevonden.
134 Cross-cultural differences
Ophet niveau van de P3-latencies werd geen ondersteuning gevonden voor de
verwachte verschillen tussen groepen in "stimulus evaluatie tijd". De trainingseffecten
waren over her algemeen klein en gaven geen duidelijk patroon re zien. Er werden geen
differentiele trainingseffecten tussen de groepen gevonden voor de P3-latencies. Bij de
LRPs is er een onderscheid gemaakt tussen de stimulus-locked LRPs, als index van
respons selectie, en respons-locked LRPs, als index van het gelateraliseerde deel van
motor activiteit. Visuele inspectie van de stimulus-locked LRPs suggereerde dat de fac-
toren die ten grondslag liggen aan cross-culturele verschillen in RTs mogelijk gezocht
moeten worden op het niveau van respons selectie.
De correlaties tussen de scores op de Raven en RTs waren klein, maar in de
verwachte (negatieve) richting. De correlaties cussen de Raven scores en de P3-latencies
waren klein en inconsistent. Positieve, maar kleine correlaties werden gevonden tussen
de P3-latenties en de RTs. Over her algemeen werden geen duidelijke patronen van cor-
relaties over groepen of taken gevonden.
Behalve een replicatie van een parroon van cross-culturele verschillen in RTs, zijn
er geen aanwijzingen gevonden dat Stimulus-gerelateerde processen, zoals gereflecteerd
in de P3-latenties, ten grondslag liggen aan deze bevindingen. De resultaten van de
LRPs suggereren dat in toekomstig onderzoek de aandacht meer naar respons-gerela-        
teerde processen verschoven moet worden. In het algemeen heeft dit onderzoek laten
zien dat een psychofysiologische informatieverwerkingsbenadering een waardevolle
methode kan zijn in onderzoek naar cross-culturele verschillen in prestatie op een-
voudige cognitieve taken. Deze benadering zou de impasse in de discussie over de
relatie tussen cultuur en cognitie kunnen doorbreken.
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Appendix  1. List of abbreviations
AEP Averaged Evoked Potential
ANOVA Analysis Of Variance
CMA Corrected Motor Assymetry
CRT Choice Reaction Time




IQ                            Intelligence Quotient
IT                            Inspection Time





SA-IL Unschooled South African participants
SA-US South African students
UNISA University of South Africa
VEP Visually Evoked Potential
Appendix 2 ANOVAs mean and median RTs over all tasks.
RT' MEDh
4         E           F                 4          4          E           P
Effect
Group 2,74 52.57*** 587 2,74 53.28*** .590
Task 5.370 .25969 1140.48*** .939 5,37() .25733 1018.34*** .932
Group 10,37() .25969 26.J8*** 416 1().370 .25733 26.92*** .421
* Task
Day 2,148 74925 325 59*** .815 2,148 .73027 307.51*** .806
Group 4,148 .74925 2.21 .056 4,148 .73027 3.09* .077
* Day
Task 1 0,74(1 .17818 12478*** .628 10,740 .17155 110.85*** .600
* Day
Group 20,740 .17818 5.28** .125 20,7·m .17155 5.60** .131
* Task                                                                                                               )
* Day
RT P 3 -RT'
df       E         F             4        df        e         F            n
Effect
Group 2,81 59.17*** .594 2,7 J 51.00*** .583
Task 5,405 .26647 127204*** .940 5,365 .27142 1212.44*** .943
Group 10,405 .26647 31.86*** 440 10365 .27142 26.91*** .425
* Task
Day 2,162 .75342 345.56*** .810 2,146 .75104 350.66*** .828
Group 4,162 75342 1.95 .046 -4,1-46 .75104 2.61 .067
* Day
Task 10,81() .18454 134.84*** .625 10.730 .18529 135.55*** .650
* Day
Group 20,81() 18454 5.10** .112 21730 .18529 5.06** .122
* Task
* Day
* p 5 .()5 ** p 5.01 ** p 5.001
a Mean reaction times, cases with missing values are excluded from the analyses.
b Median reaction times, cases with missing values are excluded from the analyses.
c Mean reaction times, missing values are replaced by estimates based on regression.
d P.3-marching reaction times, cases with missing values are excluded from the analyses.
Stellingen behorende bij het proefschrift "Cross-cultural differences on simple cognitive tasks: A
psychopysiological investigation" van Corine Sonke
1. Cross-cultureel onderzoek mag niet stoppen bij het constateren van verschillen wanneer het doel is een
goed inzicht te krijgen in de relatie tussen cultuur en gedrag. De vraag hoe deze verschillen ontstaan an het
toetsen van ideean hierover zijn minstens zo belangrijk (Zie van de Vijver & Leung, 1997).
2. Het gebruik van technieken uit andere disciplines van de psychologie bij cross-cultureel onderzoek, zoals
event-related potentials (ERPs), is alleen waardevol als deze gecombineerd worden met de taken die het
onderwerp zijn van het cross-culturele onderzoek. De ERPs gemeten tijdens deze taken kunnen informatie
verschaffen over de mechanismen die ten grondslag liggen aan geobserveerde verschillen en
overeenkomsten op gedragsniveau. ERPs geregistreerd tijdens een andere, niet direct gerelateerde taak
kunnen nooit dit inzicht verschaffen.
3. Elke verwijzing naar het begrip 'cultuuf als verklaring voor waargenomen verschillen tussen groepen is
een schijnverklaring.
4. Wanneer er in cross-cultureel onderzoek naar verschillen gezocht wordt, dan worden verschillen
gevonden. Wordt er naar overeenkomsten gezocht, dan worden overeenkomsten gevonden. Voor een
compleet beeld dienen de overeenkomsten en verschillen met elkaar in verband gebracht te worden.
5. De resultaten van het in dit proefschrift beschreven onderzoek zijn waardevol, omdat ze een toetsing zijn
van een verklaring voor cross-culturele verschillen in prestatie op eenvoudige cognitieve taken en nieuwe
informatie opleveren over de aard van deze verschillen.
6. Wie de mythe van Pandora kent, kan zich afvragen of het wenselijk is dat psychologen de zwarte doos,
die de menselijke hersenpan is, uiteindelijk openen.
7. De grote regelmaat waarmee het ministerie veranderingen op hoger onderwijsgebied doorvoert, toont aan
dat men op ministerieel niveau niet precies weet wat consistent hoger onderwijsbeleid is.
8. Een bursaal is iemand met een Melkert-baan verpakt in mooie woorden.
9. Het hebben van een (man-vrouw) relatie is ook een vorm van cross-cultureel onderzoek.
10. Binnen het AiO-stelsel zorgen de wetenschappelijke criteria enerzijds en de opgelegde tijdslimiet
anderzijds voor een paradoxale situatje die een allesbehalve bevorderlijk klimaat schept voor onderzoek in
het algemeen en nieuw, innovatief onderzoek in het bijzonder.
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